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57 ABSTRACT 
Disclosed and claimed are Bacillus thuringiensis isolates 
designated B.t. PS50C, B.t. PS86A1, B.t. PS69D1, B.t. 
PS72L1, B.t. PS75J1, B.t. PS83E5, B.t. PS45B1, B.t. 
PS24J, B.t. PS94R3, Bt. PS17, B.t. PS62B1 and B.t. 
PS74G1 which are active against acaride pests. Thus, 
these isolates, or mutants thereof, can be used to control 
such pests. Further, genes encoding novel 6-endotoxins 
can be removed from these isolates and transferred to 
other host microbes, or plants. Expression of the 8 
endotoxins in microbe hosts results in the control of 
acaride pests, whereas transformed plants become resis 
tant to acaride pests. 

2 Claims, 2 Drawing Sheets 
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Figure 2A Figure 2B 
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BACILLUS THURINGIENSIS SOLATES FOR 
CONTROLLING ACARDES 

CROSS-REFERENCE TO A RELATED 
APPLICATION 

This is a division, of application Ser. No. 07/867,280 
filed Apr. 30, 1992, now U.S. Pat. No. 5,262,158, which 
is a continuation-in-part of application Ser. No. 
07/693,210, filed on Apr. 30, 1991 now abandoned. 
This is also a continuation-in-part of application Ser. 
No. 07/768,141, filed on Sep. 30, 1991 now U.S. Pat. 
No. 5,211,946, which is a continuation-in-part of appli 
cation Ser. No. 07/759,248, filed on Sep. 13, 1991, now 
abandoned. 

BACKGROUND OF THE INVENTON 

The spore-forming microorganism Bacillus thuringi 
ensis (B.t.) produces the best-known insect toxin. The 
toxin is a protein, designated as 8-endotoxin. It is syn 
thesized by the B.t. sporulating cell. The toxin, upon 
being ingested in its crystalline form by susceptible 
insect larvae, is transformed into biologically active 
moieties by the insect gut juice proteases. The primary 
target is insect cells of the gut epithelium, which are 
rapidly destroyed. Experience has shown that the activ 
ity of the B.t. toxin is so high that only nanogram 
amounts are required to kill susceptible insects. 
The reported activity spectrum of B.t, covers insect 

species within the order Lepidoptera, which is a major 
insect problem in agriculture and forestry. The activity 
spectrum also includes the insect order Diptera, 
wherein reside mosquitoes and blackflies. See Couch, T. 
L., (1980) "Mosquito Pathogenicity of Bacillus thuringi 
ensis var. israelensis,” Developments in Industrial Mi 
crobiology, 22:61-67; Beegle, C. C., (1978). “Use of 
Entomogeneous Bacteria in Agroecosystems,' Devel 
opments in Industrial Microbiology, 20:97-104. 

U.S. Pat. No. 4,771,131 discloses a toxin gene isolated 
from a strain of Bacillus thuringiensis. This gene encodes 
a toxin which is active against beetles of the order Cole 
optera. 
There have been published reports concerning the 

use of Bacillus thuringiensis preparations for the control 
of mites. These publications are as follow: 

Royalty, R.N., HaH, F. R. and Taylor, R. A.J. 1990. 
Effects of thuringiensin on Tetranychus urticae (Ac 
ari: Tetranychidae) mortality, fecundity, and feed 
ing. J. Econ. Entomol. 83:792-798. 

Neal, J.W., Lindquist, R. K., Gott, K. M. and Casey, 
M. L. 1987. Activity of the thenostable beta 
exotoxin of Bacillus thuringiensis Berliner on Tet 
ranychus urticae and Tetranychus cinnabarinus. J. 
Agric. Entomol. 4:33-40. 

Vlayen, P., Impe, G. and Van Semaille, R. 1978. 
Effect of a commercial preparation of Bacillus thu 
ringiensis on the spider mite Tetranychus urticae 
Koch. (Acari: Tetranychidae). Mededelingen 
43:471-479. 

In the above published studies, the active ingredient 
in the B.t. preparations was beta-exotoxin (also called 
thuringiensin). 
U.S. Pat. No. 4,695,455 concerns methods and com 

positions for preparing and using biological pesticides, 

2 
where the pesticides are encapsulated in non-proliferat 
ing cells. 

U.S. Pat. No. 4,849,217 concerns B.t. isolates active 
against the alfalfa weevil. 

BRIEF SUMMARY OF THE INVENTION 

The subject invention concerns Bacillus thuringiensis 
isolates and toxins which have acaricidal properties. 

10. Unlike published reports of the use of B.t. E-exotoxins 
to control mites, the subject invention isolates express 
8-endotoxins which control mites. The use of 8 
endotoxins is highly advantageous in view of the known 
general toxicity of 8-exotoxins to humans and animals. 
More specifically, the subject invention concerns 

Bacillus thuringiensis isolates designated B.t. PS50C, B.t. 
PS86A1, B.t. PS69D1, B.t. PS72L1, Bt. PS75J1, B.t. 
PS83E5, B.t. PS45B1, B.t. PS24J, Bt. PS94R3, B.t. 

20 PS17, B.t. PS62B1 and B.t. PS74G1. 
The B.t. isolates of the subject invention are toxic to 

the Two Spotted Spider Mite, Tetranychus urticae, 
Thus, these isolates can be used to control this mite. 
Further, the 8-endotoxins from these B.t. isolates can be 
isolated by standard procedures, e.g. ion exchange, and 
formulated by standard procedures to control the Two 
Spotted Spider Mite. These B.t. isolates can also be used 
against non-phytophagus mites such as acarid pests of 

30 livestock, fowl and stored products. Still further, the 
gene(s) from the B.t. isolates of the invention which 
encode the acaricidal toxin can be cloned from the 
isolates and then used to transform other hosts, e.g., 
prokaryotic, eukaryotic or plants, which transformed 
host can be used to control mites, or, in the case of 
transgenic plants, be resistant to mites. 
BRIEF DESCRIPTION OF THE DRAWINGS 

FIGS. 1, 2A and 2B are photographs of 12% SDS 
polyacrylamide gels showing alkali-soluble proteins of 
the isolates of the invention. 

BRIEF DESCRIPTION OF THE SEQUENCES 
SEQID NO. 1 discloses the DNA of 17a. 
SEQ ID NO. 2 discloses the amino acid sequence of 

the toxin encoded by 17a. 
SEQ ID NO. 3 discloses the DNA of 17b. 
SEQ ID NO. 4 discloses the amino acid sequence of 

50 the toxin encoded by 17b. 
SEQ ID NO. 5 is the nucleotide sequence of gene 

33F2. 
SEQ ID NO. 6 is the nucleotide sequence of a gene 

55 from 52A1. 
SEQ DD NO. 7 is the amino acid sequence of the 

protein expressed by the gene from 52A1. 
SEQ ID NO. 8 is the nucleotide sequence of a gene 

from 69D1. 
60 SEQ ID NO. 9 is the amino acid sequence of the 

protein expressed by the gene from 69D1. 
SEQ ID NO. 10 is the DNA coding for the amino 

acid sequence of SEQID NO. 13. 
SEQID NO. 11 is the amino acid sequence of a probe 

which can be used according to the subject invention. 
SEQ ID NO. 12 is the N-terminal amino acid se 

quence of 17a. 
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SEQ ID NO. 13 is the N-terminal amino acid se 
quence of 17b. 
SEQ ID NO. 14 is the N-terminal amino acid se 

quence of 52A1. 
SEQ ID NO. 15 is the N-terminal amino acid se 

quence of 69D1. 
SEQ ID NO. 16 is a synthetic oligonucleotide de 

rived from 17. 
SEQID NO. 17 is an oligonucleotide probe designed 10 

from the N-terminal amino acid sequence of 52A1. 
SEQ ID NO. 18 is the synthetic oligonucleotide 

probe designated as 69D1D. 
SEQ ID NO. 19 is the forward oligonucleotide 

primer from 63B. 
SEQID NO. 20 is the reverse complement primer to 

SEQID NO. 29, used according to the subject inven 
tion. 
SEQID NO. 21 is the DNA coding for the primer of 20 

SEQID NO. 31. 
SEQID NO. 22 is a forward primer according to the 

subject invention. 
SEQ ID NO. 23 is a probe according to the subject 

invention. 25 
SEQ ID NO. 24 is a probe according to the subject 

invention. 
SEQ ID NO. 25 is a probe according to the subject 

invention. 30 
SEQID NO. 26 is a forward primer according to the 

subject invention. 
SEQID NO. 27 is the nucleotide sequence of a gene 

from PS50C, 
SEQ ID NO. 28 is the amino acid sequence of the 35 

protein expressed by the gene from PS50C. 
SEQID NO. 29 is the nucleotide sequence of a gene 

from PS86A1. 
SEQ ID NO. 30 is the amino acid sequence of the 

protein expressed by the gene from PS86A1. 
DETAILED DISCLOSURE OF THE INVENTION 

The subject invention concerns B.t. 8-endotoxins 
having acaricidal activity. In addition to having acari- 45 
cidal activity, the toxins of the subject invention may 
have one or more of the following characteristics: 

1. A high degree of amino acid homology with spe 
cific toxins disclosed herein. 

2. A DNA sequence encoding the toxin which hy- 50 
bridizes with probes or genes disclosed herein. 

3. A nucleotide sequence which can be amplified 
using primers disclosed herein. 

4. Immunoreactivity to an antibody raised to a spe 
cific toxin disclosed herein. 55 

Acaride-active toxins according to the subject inven 
tion are specifically exemplified herein by the toxins 
encoded by the genes designated 17a, 17b, and 69D 1. 
Since these toxins are merely exemplary of the toxins 
presented herein, it should be readily apparent that the 
subject invention further comprises toxins from the 
other disclosed isolates as well as equivalent toxins (and 
nucleotide sequences coding for equivalent tons) hav 
ing the same or similar biological activity of the specific 65 
toxins disclosed or claimed herein. These equivalent 
toxins will have amino acid homology with the toxins 
disclosed and claimed herein. This amino acid homol 

15 

4. 
ogy will typically be greater than 50%, preferably be 
greater than 75%, and most preferably be greater than 
90%. The amino acid homology will be highest in cer 
tain critical regions of the toxin which account for bio 
logical activity or are involved in the determination of 
three-dimensional configuration which ultimately is 
responsible for the biological activity. In this regard, 
certain amino acid substitutions are acceptable and can 
be expected if these substitutions are in regions which 
are not critical to activity or are conservative amino 
acid substitutions which do not affect the three-dimen 
sional configuration of the molecule. For example, 
amino acids may be placed in the following classes: 
non-polar, uncharged polar, basic, and acidic. Conser 
vative substitutions whereby an amino acid of one class 
is replaced with another amino acid of the same type fall 
within the scope of the subject invention so long as the 
substitution does not materially alter the biological ac 
tivity of the compound. Table 1 provides a listing of 
examples of amino acids belonging to each class. 

TABLE 
Class of Amino Acid Examples of Amino Acids 
Nonpolar Ala, Val, Leu, Ile, Pro, Met, Phe, 

Trp 
Uncharged Polar Gly, Ser, Thr, Cys, Tyr, Asn., Gln 
Acidic Asp, Glu 
Basic Lys, Arg, His 

In some instances, non-conservative substitutions can 
also be made. The critical factor is that these substitu 
tions must not significantly detract from the biological 
activity of the toxin. The information presented in the 
generic formulae of the subject invention provides clear 
guidance to the person skilled in this art in making vari 
ous amino acid substitutions. 
The B.t, isolates of the invention have the following 

characteristics: 

Approx. Mol. 
Wt. of 

Strain Crystal Type Proteins (kDa) B. 
thuringiensis PS50C Sphere 135 doublet 
B. thuringiensis PS86Al Multiple 45, 58 
B. thuringiensis PS69D1 Elongated 34, 48, 145 
B. thuringiensis PS72L1 Long rectangle 42, 50 
B. thuringiensis PS75J1 Amorphic 63, 74,78, 84 
B. thuringiensis PS83E5 Multiple 37, 42 
B. thuringiensis PS24J Long 51, 48, 43 
B. thuringiensis PS94R3 Long 50, 43,42 
B. thuringiensis PS45B1 Multiple 150, 135, 35 
B. thuringiensis PS17 Long 155, 145, 128 
B. thuringiensis PS62B1 Attached multiple 35 
B. thuringiensis PS74G1 Amorphic 148, 112, 104, 61 

Additionally, the isolates have the following common 
characteristics: 
Colony morphology-large colony, dull surface, 

typical B.t. 
Vegetative cell morphology-typical B.t. 
The toxins of the subject invention can be accurately 

characterized in terms of the shape and location of 
crystal toxin inclusions. Specifically, acaride-active 
inclusions typically remain attached to the spore after 
cell lysis. These inclusions are not inside the exospor 
ium, as in previous descriptions of attached inclusions, 
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but are held within the spore by another mechanism. 
Inclusions of the acaride-active isolates are typically 
amorphie, generally long and/or multiple. These inclu 
sions are distinguishable from the larger round 
/amorphic inclusions that remain attached to the spore. 
No B.t, strains that fit this description have been found 
to have activity against the conventional target 
s-Lepidoptera, Diptera, or Colorado Potato Beetle. 
We have found a very high correlation between this 
crystal structure and acaride activity. 
The genes and toxins according to the subject inven 

tion include not only the full length sequences disclosed 
herein but also fragments of these sequences, or fusion 
proteins, which retain the characteristic acaricidal ac 
tivity of the sequences specifically exemplified herein. 

It should be apparent to a person skilled in this art 
that genes coding for acaride-active toxins can be iden 
tified and obtained through several means. The specific 
genes may be obtained from a culture depository as 
described below. These genes, or portions thereof, may 
be constructed synthetically, for example, by use of a 
gene machine. Variations of these genes may be readily 
constructed using standard techniques for making point 
mutations. Also, fragments of these genes can be made 
using commercially available exonucleases or endonu 
cleases according to standard procedures. For example, 
enzymes such as Ba131 or site-directed mutagenesis can 
be used to systematically cut off nucleotides from the 
ends of these genes. Also, genes which code for active 
fragments may be obtained using a variety of other 
restriction enzymes. Proteases may be used to directly 
obtain active fragments of these toxins. 

Equivalent toxins and/or genes encoding these equiv 
alent toxins can also be located from B.t. isolates and/or 
DNA libraries using the teachings provided herein. 
There are a number of methods for obtaining the aca 
ride-active toxins of the instant invention which occur 
in nature. For example, antibodies to the acaride-active 

5 
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toxins disclosed and claimed herein can be used to iden 
tify and isolate other toxins from a mixture of proteins. 
Specifically, antibodies may be raised to the acaride 
active toxins using procedures which are well known in 
the art. These antibodies can then be used to specifically 
identify equivalent toxins with the characteristic acari 
cidal activity by immunoprecipitation, enzyme linked 
immunoassay (ELISA), or Western blotting. Antibod 
ies to the toxins disclosed herein, or to equivalent toxins, 
or fragments of these toxins, can readily be prepared 
using standard procedures in this art. The genes coding 
for these toxins can then be obtained from the microor 
ganism. 
A further method for identifying the toxins and genes 

of the subject invention is through the use of oligonucle 
otide probes. These probes are nucleotide sequences 
having a detectable label. As is well known in the art, if 
the probe molecule and nucleic acid sample hybridize 
by forming a strong bond between the two molecules, it 
can be reasonably assumed that the probe and sample 
are essentially identical. The probe's detectable label 
provides a means for determining in a known manner 
whether hybridization has occurred. Such a probe anal 

45 
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ysis provides a rapid method for identifying nematicidal 
endotoxin genes of the subject invention. 
The nucleotide segments which are used as probes 

according to the invention can be synthesized by use of 
DNA synthesizers using standard procedures. In the 
use of the nucleotide segments as probes, the particular 
probe is labeled with any suitable label known to those 
skilled in the art, including radioactive and non-radioac 
tive labels. Typical radioactive labels include 32p, 12.5i, 
3S, or the like. A probe labeled with a radioactive 
isotope can be constructed from a nucleotide sequence 
complementary to the DNA sample by a conventional 
nick translation reaction, using a DNase and DNA 
polymerase. The probe and sample can then be com 
bined in a hybridization buffer solution and held at an 
appropriate temperature until annealing occurs. There 
after, the membrane is washed free of extraneous mate 
rials, leaving the sample and bound probe molecules 
typically detected and quantified by autoradiography 
and/or liquid scintillation counting. 

Non-radioactive labels include, for example, ligands 
such as biotin or thyroxine, as well as enzymes such as 
hydrolases or perixodases, or the various chemilumi 
nescers such as luciferin, or fluorescent compounds like 
fluorescein and its derivatives. The probe may also be 
labeled at both ends with different types of labels for 
ease of separation, as, for example, by using an isotopic 
label at the end mentioned above and a biotin label at 
the other end. 

Duplex formation and stability depend on substantial 
complementarity between the two strands of a hybrid, 
and, as noted above, a certain degree of mismatch can 
be tolerated. Therefore, the probes of the subject inven 
tion include mutations (both single and multiple), dele 
tions, insertions of the described sequences, and combi 
nations thereof, wherein said mutations, insertions and 
deletions permit formation of stable hybrids with the 
target polynucleotide of interest. Mutations, insertions, 
and deletions can be produced in a given polynucleotide 
sequence in many ways, and these methods are known 
to an ordinarily skilled artisan. Other methods may 
become known in the future. 
The known methods include, but are not limited to: 
(1) synthesizing chemically or otherwise an artificial 
sequence which is a mutation, insertion or deletion 
of the known sequence; 

(2) using a probe of the present invention to obtain via 
hybridization a new sequence or a mutation, inser 
tion or deletion of the probe sequence; and 

(3) mutating, inserting or deleting a test sequence in 
vitro or in vivo. 

It is important to note that the mutational, insertional, 
and deletional variants generated from a given probe 
may be more or less efficient than the original probe. 
Notwithstanding such differences in efficiency, these 
variants are within the scope of the present invention. 

Thus, mutational, insertional, and deletional variants 
of the disclosed test sequences can be readily prepared 
by methods which are well known to those skilled in the 
art. These variants can be used in the same manner as 
the instant probes so long as the variants have substan 
tial sequence homology with the probes. As used 
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herein, substantial sequence homology refers to homol 
ogy which is sufficient to enable the variant to function 
in the same capacity as the original probe. Preferably, 
this homology is greater than 50%; more preferably, 
this homology is greater than 75%; and most preferably, 
this hornology is greater than 90%. The degree of ho 
mology needed for the variant to function in its in 
tended capacity will depend upon the intended use of 
the sequence. It is well within the skill of a person 
trained in this art to make mutational, insertional, and 
deletional mutations which are designed to improve the 
function of the sequence or otherwise provide a meth 
odological advantage. 

Specific nucleotide probes useful, according to the 
subject invention, in the rapid identification of acaride 
active genes can be prepared utilizing the sequence 
information provided herein. 
The potential variations in the probes listed is due, in 

part, to the redundancy of the genetic code. Because of 
the redundancy of the genetic code, i.e., more than one 
coding nucleotide triplet (codon) can be used for most 
of the amino acids used to make proteins. Therefore 
different nucleotide sequences can code for a particular 
amino acid. Thus, the amino acid sequences of the B.t. 
toxins and peptides can be prepared by equivalent nu 
cleotide sequences encoding the same amino acid se 
quence of the protein or peptide. Accordingly, the sub 
ject invention includes such equivalent nucleotide se 
quences. Also, inverse or complement sequences are an 
aspect of the subject invention and can be readily used 
by a person skilled in this art. In addition it has been 
shown that proteins of identified structure and function 
may be constructed by changing the amino acid se 
quence if such changes do not alter the protein second 
ary structure (Kaiser, E. T. and Kezdy, F. J. 1984 
Science 223:249-255). Thus, the subject invention in 
cludes mutants of the amino acid sequence depicted 
herein which do not alter the protein secondary struc 
ture, or if the structure is altered, the biological activity 
is substantially retained. Further, the invention also 
includes mutants of organisms hosting all or part of a 
toxin encoding a gene of the invention. Such microbial 
mutants can be made by techniques well known to per 
sons skilled in the art. For example, UV irradiation can 
be used to prepare mutants of host organisms. Likewise, 
such mutants may include asporogenous host cells 
which also can be prepared by procedures well known 
in the art. 
The B.t. isolates of the invention, and mutants 

thereof, can be cultured using standard known media 
and fermentation techniques. Upon completion of the 
fermentation cycle, the bacteria can be harvested by 
first separating the B.t. spores and crystals from the 
fermentation broth by means well known in the art. The 
recovered B.t. spores and crystals can be formulated 
into a wettable powder, a liquid concentrate, granules 
or other formulations by the addition of surfactants, 
dispersants, inert carriers and other components to facil 
itate handling and application for particular target pests. 
The formulation and application procedures are all well 
known in the art and are used with commercial strains. 
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The novel B.t, isolates, and mutants thereof, can be used 
to control target pests. 
The cultures of the subject invention were deposited 

in the Agricultural Research Service Patent Culture 
Collection (NRRL), Northern Regional Research Cen 
ter, 1815 North University Street, Peoria, Ill., 61604 
USA. 

Culture Accession No. Deposit Date 
Bt PS50C NRRL B-18746 January 9, 1991 
Bt PS86A1 NRRL B-18400 August 16, 1988 
B. PS69D1 NRRL B-18247 July 28, 1987 
Bt PS721 NRRL B-18780 March 7, 1991 
Bt PS751 NRRL B-18781 March 7, 1991 
B. PS83E5 NRRL B-18782 March 7, 1991 
B. PS45B1 NRRL B-18396 August 16, 1988 
Bt PS24J NRRL B-18881 August 30, 1991 
Bt, PS94R3 NRRL B-18882 August 30, 1991 
Bf PS17 NRRL B-18243 July 28, 1987 
B. PS62B1 NRRL B-18398 August 16, 1988 
B. PS74G1 NRRL B-18397 August 16, 1988 
E. coli NM522(pNffC 2321) NRRL B-18770 February 14, 1991 
E. coli NM522(pMYC 2317) NRRL B-18816 April 24, 1991 
E. coli NM522(pNffC 1627) NRRL B-18651 May 11, 1990 
E. coli NM522(pMYC 1628) NRRL B-18652 May 11, 1990 
E. coli NM522(pMYC 1638) NRRL B-18751 January 11, 1991 
E. coli NM522(pMYC 1638) NRRL B-18769 February 14, 1991 

The subject cultures have been deposited under con 
ditions that assure that access to the cultures will be 
available during the pendency of this patent application 
to one determined by the Commissioner of Patents and 
Trademarks to be entitled thereto under 37 CFR 1.14 
and 35 U.S.C. 122. These deposits are available as re 
quired by foreign patent laws in countries wherein 
counterparts of the subject application, or its progeny, 
are filed. However, it should be understood that the 
availability of a deposit does not constitute a license to 
practice the subject invention in derogation of patent 
rights granted by governmental action. 

Further, the subject culture deposits will be stored 
and made available to the public in accord with the 
provisions of the Budapest Treaty for the Deposit of 
Microorganisms, i.e., they will be stored with all the 
care necessary to keep them viable and uncontaminated 
for a period of at least five years after the most recent 
request for the furnishing of a sample of a deposit, and 
in any case, for a period of at least thirty (30) years after 
the date of deposit or for the enforceable life of any 
patent which may issue disclosing a culture. The deposi 
tor acknowledges the duty to replace a deposit should 
the depository be unable to furnish a sample when re 
quested, due to the condition of a deposit. All restric 
tions on the availability to the public of the subject 
culture deposits will be irrevocably removed upon the 
granting of a patent disclosing them. 
Upon applying an acaricidal-effective amount of a 

microbe, or toxin, as disclosed herein, in a suitable acari 
cidal formulation to the environment of the target pest, 
there is obtained effective control of these pests. An 
ataritidal-effective amount can vary from about 1 to 
about 12 l/ha, depending upon the nature and quantity 
of the pests to be controlled, the time of year, tempera 
ture, humidity, and other known factors which may 
affect a bioinsecticide. It is well within the skill of those 
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trained in this an to determine the quantity of bioinsecti 
cide to apply in order to obtain effective control of 
target pests. 
The intracellular 8-endotoxin protein can be com 

bined with other insecticidal proteins (including those 
obtained from sources other than Bacillus thuringiens) to 
increase the spectrum of activity to give complete con 
trol of target pests. 
The B.t. cells may be formulated in a variety of ways. 

They may be employed as wettable powders, granules 
or dusts, by mixing with various inert materials, such as 
inorganic minerals (phyllosilicates, carbonates, sulfates, 
phosphates, and the like) or botanical materials (pow 
dered corncobs, rice hulls, walnut shells, and the like). 
The formulations may include spreader-sticker adju 
vants, stabilizing agents, other pesticidal additives, or 
surfactants. Liquid formulations may be aqueous-based 
or non-aqueous and employed as foams, gels, suspen 
sions, emulsifiable concentrates, or the like. The ingre 
dients may include rheological agents, surfactants, 
emulsifiers, dispersants, or polymers. 
The pesticidal concentration will vary widely de 

pending upon the nature of the particular formulation, 
particularly whether it is a concentrate or to be used 
directly. The pesticide will be present in at least 1% by 
weight and may be 100% by weight. The dry formula 
tions will have from about 1-95% by weight of the 
pesticide while the liquid formulations will generally be 
from about 1-60% by weight of the solids in the liquid 
phase. The formulations will generally have from about 
102 to about 10 cells/mg. These formulations will be 
administered at about 50 mg (liquid or dry) to 1 kg or 
more per hectare. 
The formulations can be applied to the environment 

of the target pest(s), e.g., plants, livestock, fowl, soil or 
water, by spraying, dusting, sprinkling, or the like. 
The toxin genes harbored by the novel isolates of the 

subject invention can be introduced into a wide variety 
of microbial hosts. Expression of the toxin gene results, 
directly or indirectly, in the intracellular production 
and maintenance of the pesticide. With suitable hosts, 
e.g., Pseudomonas, the microbes can be applied to the 
situs of mites where they will proliferate and be in 
gested by the mites. The result is a control of the mites. 
Alternatively, the microbe hosting the toxin gene can be 
treated under conditions that prolong the activity of the 
toxin produced in the cell. The treated cell then can be 
applied to the environment of the target pest. The re 
sulting product retains the toxicity of the B.t. toxin. 
Where the B.t. toxin gene is introduced via a suitable 

vector into a microbial host, and said host is applied to 
the environment in a living state, it is essential that 
certain host microbes be used. Microorganism hosts are 
selected which are known to occupy the "phytosphere' 
(phylloplane, phyllosphere, rhizosphere, and/or rhizo 
plane) of one or more crops of interest. These microor 
ganisms are selected so as to be capable of successfully 
competing in the particular environment (crop and 
other insect habitats) with the wild-type microorgan 
isms, provide for stable maintenance and expression of 
the gene expressing the polypeptide pesticide, and, de 
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sirably, provide for improved protection of the pesti 
cide from environmental degradation and inactivation. 
A large number of microorganisms are known to 

inhabit the phylloplane (the surface of the plant leaves) 
and/or the rhizosphere (the soil surrounding plant 
roots). These microorganisms include bacteria, algae, 
and fungi. Of particular interest are microorganisms, 
such as bacteria, e.g., genera Bacillus, Pseudomonas, 
Erwinia, Serratia, Klebsiella Xanthomonas, Streptomy 
ces, Rhizobium, Rhodopseudomonas, Methylophilius, 
Agrobacterium, Acetobacter, Lactobacillus, Arthro 
bacter, Azotobacter, Leuconostoc, Alcaligenes and 
Clostridium; fungi, particularly yeast, e.g., genera Sacc 
haromyces, Cryptococcus, Kluyveromyces, 
Sporobolomyces, Rhodotorula, and Aureobasidium; 
microalgae, e.g., families Cyanophyceae, Prochloro 
phyceae, Rhodophyceae, Dinophyceae, Chryso 
phyceae, Prymnesiophyceae, Xanthophyceae, Ra 
phidophyceae, Bacillariophyceae, Eustimanato 
phyceae, Cryptophyceae, Euglenophyceae, Prasino 
phyceae, and Chlorophyceae. Of particular interest are 
such phytosphere bacterial species as Pseudomonas 
syringae, Pseudomonas fluorescens, Serratia narcescens, 
Acetobacter xylinum, Agrobacterium tunefaciens, Rhodo 
pseudomonas spheroides, Xanthomonas campestris, Rhizo 
bium melioti, Alcaligenes entrohphus, and Azotobacter 
vinlandi and phytosphere yeast species such as 
Rhodotorula rubra, R. glutinis, R. marina, R. aurantiaca, 
Cryptococcus albidus, C. diffiuens, C. laurentii, Saccharo 
myces rosei, S. pretoriensis, S. cereyisiae, Sporobolomyces 
roseus, S. odorus, Kluyverornyces veronae, and 
Aureobasidium pollulans. Of particular interest are the 
pigmented microorganisms. 
A wide variety of ways are available for introducing 

a B.t. gene expressing a toxin into the microorganism 
host under conditions which allow for stable mainte 
nance and expression of the gene. One can provide for 
DNA constructs which include the transcriptional and 
translational regulatory signals for expression of the 
toxin gene, the toxin gene under their regulatory con 
trol and a DNA sequence homologous with a sequence 
in the host organism, whereby integration will occur, 
and/or a replication system which is functional in the 
host, whereby integration or stable maintenance will 
OCC. 

The transcriptional initiation signals will include a 
promoter and a transcriptional initiation start site. In 
some instances, it may be desirable to provide for regu 
lative expression of the toxin, where expression of the 
toxin will only occur after release into the environment. 
This can be achieved with operators or a region binding 
to an activator or enhancers, which are capable of in 
duction upon a change in the physical or chemical envi 
ronment of the microorganisms. For example, a temper 
ature sensitive regulatory region may be employed, 
where the organisms may be grown up in the laboratory 
without expression of a toxin, but upon release into the 
environment, expression would begin. Other techniques 
may employ a specific nutrient medium in the labora 
tory, which inhibits the expression of the toxin, where. 
the nutrient medium in the environment would allow 



5,424,410 
11 

for expression of the toxin. For translational initiation, a 
ribosomal binding site and an initiation codon will be 
present. 

Various manipulations may be employed for enhanc 
ing the expression of the messenger RNA, particularly 
by using an active promoter, as well as by employing 
sequences, which enhance the stability of the messenger 
RNA. The transcriptional and translational termination 
region will involve stop codon(s), a terminator region, 
and optionally, a polyadenylation signal. A hydropho 
bic "leader” sequence may be employed at the amino 
terminus of the translated polypeptide sequence in 
order to promote secretion of the protein across the 
inner membrane. 

In the direction of transcription, namely in the 5' to 3' 
direction of the coding or sense sequence, the construct 
will involve the transcriptional regulatory region, if 
any, and the promoter, where the regulatory region 
may be either 5' or 3' of the promoter, the ribosomal 
binding site, the initiation codon, the structural gene 
having an open reading frame in phase with the initia 
tion codon, the stop codon(s), the polyadenylation sig 
nal sequence, if any, and the terminator region. This 
sequence as a double strand may be used by itself for 
transformation of a microorganism host, but will usu 
ally be included with a DNA sequence involving a 
marker, where the second DNA sequence may be 
joined to the toxin expression construct during intro 
duction of the DNA into the host. 
By a marker is intended a structural gene which pro 

vides for selection of those hosts which have been modi 
fied or transformed. The marker will normally provide 
for selective advantage, for example, providing for 
biocide resistance, e.g., resistance to antibiotics or 
heavy metals; complementation, so as to provide pro 
totropy to an auxotrophic host, or the like. Preferably, 
complementation is employed, so that the modified host 
may not only be selected, but may also be competitive 
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in the field. One or more markers may be employed in 
the development of the constructs, as well as for modi 
fying the host. The organisms may be further modified 
by providing for a competitive advantage against other 
wild-type microorganisms in the field. For example, 
genes expressing metal chelating agents, e.g., sidero 
phores, may be introduced into the host along with the 
structural gene expressing the toxin. In this manner, the 
enhanced expression of a siderophore may provide for a 
competitive advantage for the toxin-producing host, so 
that it may effectively compete with the wild-type mi 
croorganisms and stably occupy a niche in the environ 
ment. 

Where no functional replication system is present, the 
construct will also include a sequence of at least 50 
basepairs (bp), preferably at least about 100 bp, and 
usually not more than about 5000 bp of a sequence 
homologous with a sequence in the host. In this way, 
the probability of legitimate recombination is enhanced, 
so that the gene will be integrated into the host and 
stably maintained by the host. Desirably, the toxin gene 
will be in close proximity to the gene providing for 
complementation as well as the gene providing for the 
competitive advantage. Therefore, in the event that a 
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toxin gene is lost, the resulting organism will be likely to 
also lose the complementing gene and/or the gene pro 
viding for the competitive advantage, so that it will be 
unable to compete in the environment with the gene 
retaining the intact construct. 
A large number of transcriptional regulatory regions 

are available from a wide variety of microorganism 
hosts, such as bacteria, bacteriophage, cyanobacteria, 
algae, fungi, and the like. Various transcriptional regu 
latory regions include the regions associated with the 
trp gene, lac gene, gal gene, the lambda left and right 
promoters, the tac promoter, the naturally-occurring 
promoters associated with the toxin gene, where func 
tional in the host. See for example, U.S. Pat. Nos. 
4,332,898, 4,342,832 and 4,356,270. The termination 
region may be the termination region normally associ 
ated with the transcriptional initiation region or a differ 
ent transcriptional initiation region, so long as the two 
regions are compatible and functional in the host. 
Where stable episomal maintenance or integration is 

desired, a plasmid will be employed which has a replica 
tion system which is functional in the host. The replica 
tion system may be derived from the chromosome, an 
episomal element normally present in the host or a dif 
ferent host, or a replication system from a virus which 
is stable in the host. A large number of plasmids are 
available, such as pBR322, paCYC184, RSF1010, 
pRO1614, and the like. See for example, Olson et al., 
(1982) J. Bacteriol. 150:6069, and Bagdasarian et al., 
(1981) Gene 16:237, and U.S. Pat. Nos. 4,356,270, 
4,362,817, and 4,371,625. 
The B.t. gene can be introduced between the tran 

scriptional and translational initiation region and the 
transcriptional and translational termination region, so 
as to be under the regulatory control of the initiation 
region. This construct will be included in a plasmid, 
which will include at least one replication system, but 
may include more than one, where one replication sys 
tem is employed for cloning during the development of 
the plasmid and the second replication system is neces 
sary for functioning in the ultimate host. In addition, 
one or more markers may be present, which have been 
described previously. Where integration is desired, the 
plasmid will desirably include a sequence homologous 
with the host genome. 
The transformants can be isolated in accordance with 

conventional ways, usually employing a selection tech 
nique, which allows for selection of the desired organ 
ism as against unmodified organisms or transferring 
organisms, when present. The transformants then can 
be tested for pesticidal activity. 

Suitable host cells, where the pesticide-containing 
cells will be treated to prolong the activity of the toxin 
in the cell when the then treated cell is applied to the 
environment of target pest(s), may include either proka 
ryotes or eukaryotes, normally being limited to those 
cells which do not produce substances toxic to higher 
organisms, such as mammals. However, organisms 
which produce substances toxic to higher organisms 
could be used, where the toxin is unstable or the level of 
application sufficiently low as to avoid any possibility of 
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toxicity to a mammalian host. As hosts, of particular 
interest will be the prokaryotes and the lower euka 
ryotes, such as fungi, as disclosed previously. 

Characteristics of particular interest in selecting a 
host cell for purposes of production include ease of 
introducing the B.t. gene into the host, availability of 
expression systems, efficiency of expression, stability of 
the pesticide in the host, and the presence of auxiliary 
genetic capabilities. Characteristics of interest for use as 
a pesticide microcapsule include protective qualities for 
the pesticide, such as thick cell walls, pigmentation, and 
intracellular packaging or formation of inclusion bodies; 
survival in aqueous environments; lack of mammalian 

10 

toxicity; attractiveness to pests for ingestion; ease of 
killing and fixing without damage to the toxin; and the 
like. Other considerations include ease of formulation 
and handling, economics, storage stability, and the like. 
The cell will usually be intact and be substantially in 

the proliferative form when treated, rather than in a 
spore form, although in some instances spores may be 
employed. 
Treatment of the microbial cell, e.g., a microbe con 

taining the B.t. toxin gene, can be by chemical or physi 
cal means, or by a combination of chemical and/or 
physical means, so long as the technique does not dele 
teriously affect the properties of the toxin, nor diminish 
the cellular capability in protecting the toxin. Examples 
of chemical reagents are halogenating agents, particu 
larly halogens of atomic no. 17-80. More particularly, 
iodine can be used under mild conditions and for suffi 
cient time to achieve the desired results. Other suitable 
techniques include treatment with aldehydes, such as 
formaldehyde and glutaraldehyde; anti-infectives, such 
as zephiran chloride and cetylpyridinium chloride; alco 
hols, such as isopropyl and ethanol; various histologic 
fixatives, such as Lugol iodine, Bouin's fixative, and 
Helly's fixative (See: Humason, Gretchen L., Animal 
Tissue Techniques, W. H. Freeman and Company, 
1967); or a combination of physical (heat) and chemical 
agents that preserve and prolong the activity of the 
toxin produced in the cell when the cell is administered 
to the host animal. Examples of physical means are 
short wavelength radiation such as gamma-radiation 
and X-radiation, freezing, UV irradiation, lyophiliza 
tion, and the like. 
The cells generally will have enhanced structural 

stability which will enhance resistance to environmen 
tal conditions. Where the pesticide is in a proform, the 
method of inactivation should be selected so as not to 
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inhibit processing of the proform to the mature form of 55 
the pesticide by the target pest pathogen. For example, 
formaldehyde will crosslink proteins and could inhibit 
processing of the proform of a polypeptide pesticide. 
The method of inactivation or killing retains at least a 
substantial portion of the bio-availability or bioactivity 
of the toxin. 
The cellular host containing the B.t, insecticidal gene 

may be grown in any convenient nutrient medium, 
where the DNA construct provides a selective advan 
tage, providing for a selective medium so that substan 
tially all or all of the cells retain the B.t. gene. These 
cells may then be harvested in accordance with conven 
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tional ways. Alternatively, the cells can be treated prior 
to harvesting. 
The B.t. cells of the invention can be cultured using 

standard art media and fermentation techniques. Upon 
completion of the fermentation cycle the bacteria can 
be harvested by first separating the B.t, spores and crys 
tals from the fermentation broth by means well known 
in the art. The recovered B.t. spores and crystals can be 
formulated into a wettable powder, liquid concentrate, 
granules or other formulations by the addition of surfac 
tants, dispersants, inert carriers, and other components 
to facilitate handling and application for particular tar 
get pests. These formulations and application proce 
dures are all well known in the art. 

Formulated bait granules containing an attractant and 
spores and crystals of the B.t. isolates, or recombinant 
microbes comprising the gene(s) obtainable from the 
B.t. isolates disclosed herein, can be applied to the soil 
or in the vicinity of stored products. Formulated prod 
uct can also be applied as a seed-coating or root treat 
ment or total plant treatment at later stages of the crop 
cycle. 

Mutants of the novel isolates of the invention can be 
made by procedures well known in the art. For exam 
ple, an asporogenous mutant can be obtained through 
ethylmethane sulfonate (EMS) mutagenesis of a novel 
isolate. The mutants can be made using ultraviolet light 
and nitrosoguanidine by procedures well known in the 
art. 
A smaller percentage of the asporogenous mutants 

will remain intact and not lyse for extended fermenta 
tion periods; these strains are designated lysis minus 
(-). Lysis minus strains can be identified by screening 
asporogenous mutants in shake flask media and select 
ing those routants that are still intact and contain toxin 
crystals at the end of the fermentation. Lysis minus 
strains are suitable for a cell fixation process that will 
yield a protected, encapsulated toxin protein. 
To prepare a phage resistant variant of said asporo 

genous mutant, an aliquot of the phage lysate is spread 
onto nutrient agar and allowed to dry. An aliquot of the 
phage sensitive bacterial strain is then plated directly 
over the dried lysate and allowed to dry. The plates are 
incubated at 30° C. The plates are incubated for 2 days 
and, at that time, numerous colonies could be seen 
growing on the agar. Some of these colonies are picked 
and subcultured onto nutrient agar plates. These appar 
ent resistant cultures are tested for resistance by cross 
streaking with the phage lysate. A line of the phage 
lysate is streaked on the plate and allowed to dry. The 
presumptive resistant cultures are then streaked across 
the phage line. Resistant bacterial cultures show no lysis 
anywhere in the streak across the phage line after over 
night incubation at 30 C. The resistance to phage is 
then reconfirmed by plating a lawn of the resistant 
culture onto a nutrient agar plate. The sensitive strain is 
also plated in the same manner to serve as the positive 
control. After drying, a drop of the phage lysate is 
plated in the center of the plate and allowed to dry. 
Resistant cultures showed no lysis in the area where the 
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phage lysate has been placed after incubation at 30° C. 
for 24 hours. 

Following are examples which illustrate procedures, 
including the best mode, for practicing the invention. 
These examples should not be construed as limiting. All 
percentages are by weight and all solvent mixture pro 
portions are by volume unless otherwise noted. 

EXAMPLE 1. 

Culturing of the B.t. Isolates 
A subculture of the B.t. isolates, or mutants thereof, 

can be used to inoculate the following medium, a pep 
tone, glucose, salts medium. 

Bacto Peptone 7.5 g/1 
Glucose 1.0 g/l 
KH2PO4 3.4 g/1 
K2HPO4 4.35 g/1 
Salt Solution 5.0 in/ 
CaCl2. Solution 5.0 m/ 
pH 7.2 
Salts Solution (100 ml) - 
MgSO4.7H2O 2.46 g 
MnSO4H2O 0.04 g 
ZnSO4.7H2O 0.28 g 
FeSO47H2O 0.40 g 
CaCl2 Solution (100 ml) 3.66 g 
CaCl2.2H2O 

The salts solution and CaCl2 solution are filter-steril 
ized and added to the autoclaved and cooked broth at 
the time of inoculation. Flasks are incubated at 30° C. on 
a rotary shaker at 200 rpm for 64 hr. 
The above procedure can be readily scaled up to 

large fermentors by procedures well known in the art. 
The B.t.spores and/or crystals, obtained in the above 

fermentation, can be isolated by procedures well known 
in the art. A frequently-used procedure is to subject the 
harvested fermentation broth to separation techniques, 
e.g., centrifugation. 

EXAMPLE 2. 

Purification of Protein and Amino Acid Sequencing 
The B.t. isolates PS17, PS52A1 and PS69D1 were 

cultured as described in Example 1. The parasporal 
inclusion bodies were partially purified by sodium bro 
mide (28-38%) isopycnic gradient centrifugation (Pfan 
nenstiel, M.A., E. J. Ross, V. C. Kramer, and K. W. 
Nickerson 1984 FEMS Microbiol. Lett. 21:39). The 
proteins were bound to PVDF membranes (Millipore, 
Bedford, Mass.) by western blotting techniques (Tow 
bin, H., T. Staehlelin, and K. Gordon 1979 Proc. Natl. 
Acad. Sci. USA 76:4350) and the N-terminal amino acid 
sequences were determined by the standard Edman 
reaction with an automated gas-phase sequenator (Hun 
kapiller, M. W., R.M. Hewick, W. L. Dreyer, and L. E. 
Hood 1983 Meth. Enzymol. 91:399). The sequences 
obtained were: 

PS17a: AILNELYPSV PYN V (SEQID NO. 
12) 

PS17b: AILNELYPSV PYNV (SEQID NO. 
13) - 

PS52A1: M IID S KT T L PRHS LINT (SEQ 
ID NO. 14) 
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PS69D1: M. L. G. N. G. K.T L PK HIRLAHIF 
A T QN S (SEQID NO. 15) 

EXAMPLE 3 

Cloning of Novel Toxin Genes and Transformation into 
Escherichia coli 

Total cellular DNA was prepared by growing the 
cells B.t. PS17 to a low optical density (OD600=1.0) 
and recovering the cells by centrifugation. The cells 
were protoplasted in TES buffer (30 mM Tris-Cl, 10 
mM EDTA, 50 mM. NaCl, pH = 8.0) containing 20% 
sucrose and 50 mg/ml lysozyme. The protoplasts were 
lysed by addition of SDS to a final concentration of 4%. 
The cellular material was precipitated overnight at 4 
C. in 100 mM (final concentration) neutral potassium 
chloride. The supernate was extracted twice with phe 
nol/chloroform (1:1). The DNA was precipitated with 
ethanol and purified by isopycnic banding on a cesium 
chloride-ethidium bromide gradient. 

Total cellular DNA from PS17 was digested with 
EcoRI and separated by electrophoresis on a 0.8% 
(w/v) Agarose-TAE (50 mM Tris-HCl, 20 mM 
NaOAc, 2.5 mM EDTA, pH=8.0) buffered gel. A 
Southern blot of the gel was hybridized with a 
2p-radiolabeled oligonucleotide probe derived from 

the N-terminal amino acid sequence of purified 130kDa 
protein from PS17. The sequence of the oligonucleotide 
synthesized is (GCAATITFAAATGAATrATATCC) 
(SEQED NO. 16). Results showed that the hybridizing 
EcoRI fragments of PS17 are 5.0 kb, 4.5 kb, 2.7 kb and 
1.8 kb in size, presumptively identifying at least four 
new acaride-active toxin genes, PS17d, PS17b, PS17a 
and PS17e, respectively. 
A library was constructed from PS17 total cellular 

DNA partially digested with Sau3A and size fraction 
ated by electrophoresis. The 9 to 23 kb region of the gel 
was excised and the DNA was electroeluted and then 
concentrated using an Elutip TM ion exchange column 
(Schleicher and Schuel, Keene N.H.). The isolated 
Sau3A fragments were ligated into LambdaGEM 
11 TM (PROMEGA). The packaged phage were plated 
on KW25 1 E. coli cells (PROMEGA) at a high titer 
and screened using the above radiolabeled synthetic 
oligonucleotide as a nucleic acid hybridization probe. 
Hybridizing plaques were purified and rescreened at a 
lower plaque density. Single isolated purified plaques 
that hybridized with the probe were used to infect 
KW251 E. coli cells in liquid culture for preparation of 
phage for DNA isolation. DNA was isolated by stan 
dard procedures. 

Recovered recombinant phage DNA was digested 
with EcoRI and separated by electrophoresis on a 0.8% 
agarose-TAE gel. The gel was Southern blotted and 
hybridized with the oligonucleotide probe to character 
ize the toxin genes isolated from the lambda library. 
Two patterns were present, clones containing the 4.5 kb 
(PS17b) or the 2.7 kb (PS17a) EcoRI fragments. Prepar 
ative amounts of phage DNA were digested with Sal 
(to release the inserted DNA from lambda arms) and 
separated by electrophoresis on a 0.6% agarose-TAE 
gel. The large fragments, electroeluted and concen 
trated as described above, were ligated to Sal-digested 
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and dephosphorylated p3Clac, an E. coli/B.t. shuttle 
vector comprised of replication origins from p3C16 and 
pUC19. The ligation mix was introduced by transforma 
tion into NM522 competent E. coli cells and plated on 
LB agar containing amplicillin, isopropyl-(Beta)-D-thi 
ogalactoside(IPTG) and S-Bromo-4-Chloro-3-indolyl 
(Beta)-D-galactoside (XGAL). White colonies, with 
putative insertions in the (Beta)galactosidase gene of 
pBClac, were subjected to standard rapid plasmid puri 
fication procedures to isolate the desired plasmids. The 
selected plasmid containing the 2.7 kb EcoRI fragment 
was named pMYC1627 and the plasmid containing the 
4.5 kb EcoRI fragment was called pMYC1628. 
The toxin genes were sequenced by the standard 

Sanger dideoxy chain termination method using the 
synthetic oligonucleotide probe, disclosed above, and 
by “walking” with primers made to the sequence of the 
new toxin genes. 
The PS17 toxin genes were subcloned into the shuttle 

vector pHT3101 (Lereclus, D. et al. (1989 FEMS Mi 
crobiol. Lett. 60:211-218) using standard methods for 
expression in B.t. Briefly, Sal fragments containing the 
17a and 17b toxin genes were isolated from pMYC1629 
and pMYC1627, respectively, by preparative agarose 
gel electrophoresis, electroelution, and concentrated, as 
described above. These concentrated fragments were 
ligated into Sall-cleaved and dephosphorylated 
pHT3101. The ligation mixtures were used separately to 
transform frozen, competent E. coli NM522. Plasmids 
from each respective recombinant E. coli strain were 
prepared by alkaline lysis and analyzed by agarose gel 
electrophoresis. The resulting subclones, pMYC2311 
and pMYC2309, harbored the 17a and 17b toxin genes, 
respectively. These plasmids were transformed into the 
acrystalliferous B.t. strain, HD-1 cryB (Aronson, A., 
Purdue University, West Lafayette, Ind.), by standard 
electroporation techniques (Instruction Manual, Biorad, 
Richmond, Calif.). 
Recombinant B.t, strains HD-1 cryB pMYC2311) 

and pMYC2309) were grown to sporulation and the 
proteins purified by NaBr gradient centrifugation as 
described above for the wild-type B.t. proteins. 

EXAMPLE 4 

Molecular Cloning of Gene Encoding a Novel Toxin 
From Bacillus thuringiensis strain PS52A1 

Total cellular DNA was prepared from Bacillus thu 
ringiensis PS52A1 (B.t. PS52A1) as disclosed in Exam 
ple 3. 
RFLP analyses were performed by standard hybridi 

zation of Southern blots of PS52A1 DNA with a 32P 
labeled oligonucleotide probe designed from the N-ter 
minal amino acid sequence disclosed in Example 2. The 
sequence of this probe is: 

5 

10 

15 

25 

30 

35 

45 

50 

55 

18 
This probe was designated 52A1-C. Hybridizing bands 
included an approximately 3.6 kbp HindIII fragment 
and an approximately 8.6 kbp EcoRV fragment. A gene 
library was constructed from PS52A1 DNA partially 
digested with Sau3A. Partial restriction digests were 
fractionated by agarose gel electrophoresis. DNA frag 
ments 6.6 to 23 kbp in size were excised from the gel, 
electroeluted from the gel slice, and recovered by etha 
nol precipitation after purification on an Elutip-D ion 
exchange column. The Sau3A inserts were ligated into 
BarnhI-digested LambdaGem-11 (Promega). Recombi 
nant phage were packaged and plated on E. coli KW251 
cells (Promega). Plaques were screened by hybridiza 
tion with the radiolabeled 52A1-C oligonucleotide 
probe disclosed above. Hybridizing phage were plaque 
purified and used to infect liquid cultures of E. coli 
KW251 cells for isolation of phage DNA by standard 
procedures (Maniatis et al.). For subcloning, prepara 
tive amounts of DNA were digested with EcoRI and 
Sal I, and electrophoresed on an agarose gel. The ap 
proximately 3.1 kbp band containing the toxin gene was 
excised from the gel, electroeluted from the gel slice, 
and purified by ion exchange chromatography as above. 
The purified DNA insert was ligated into EcoRI 
+Sall-digested pHTBlueII (an E. coli/B, thuringiensis 
shuttle vector comprised of psluescript S/K Strata 
gene and the replication origin from a resident B.t. 
plasmid D. Lereclus et al. 1989. FEMS Microbiology 
Letters 60:211-218). The ligation mix was used to 
transform frozen, competent E. coli NM522 cells 
(ATCC 47000). Transformants were plated on LB agar 
containing ampicillin, isopropyl-(Beta)-D-thiogalacto 
side (IPTG), and 5-Bromo-4-Chloro-3-indolyl-(Beta)- 
D-galactoside (XGAL). Plasmids were purified from 
putalive recombinants by alkaline lysis (Manials et al.) 
and analyzed by electrophoresis of EcoRI and Sal 
digests on agarose gels. The desired plasmid construct, 
pMYC2321 contains a toxin gene that is novel com 
pared to the maps of other toxin genes encoding acari 
cidal proteins. 

Plasmid pMYC2321 was introduced into an acrystal 
liferous (Cry) B.t. host by electropotation. Expression 
of an approximately 55-60 kDa crystal protein was 
verified by SDS-PAGE analysis. 

EXAMPLE 5 

Molecular Cloning of Gene Encoding a Novel Toxin 
From Bacillus Thuringiensis strain PS69D1 

Total cellular DNA was prepared from PS69D1 (B.t. 
PS69D1) as disclosed in Example 3. RFLP analyses 
were performed by standard hybridization of Southern 
blots of PS69D1 DNA with a 32P-labeled oligonucleo 
tide probe designated as 69DiD. The sequence of the 
69D1-D probe was: 

5' ATG ATT ATT GAT TCT AAA ACA ACA TTA CCA AGA CAT TCA/T 
TTA ATA/T AAT ACA/T ATA/T AA 3 (SEQID NO. 17) 

5' AAA CAT ATT AGA TTA GCA CAT ATT TTT GCA ACA 
CAA AA 3 (SEQID NO. 18) 
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Hybridizing bands included an approximately 2.0 kbp 
HindIII fragment. 
A gene library was constructed from PS69D1 DNA 

partially digested with Sau3A. Partial restriction digests 
were fractionated by agarose gel electrophoresis. DNA 
fragments 6.6 to 23 kbp in size were excised from the 
gel, electroeluted from the gel slice, and recovered by 
ethanol precipitation after purification on an Elutip-D 
ion exchange column. The Sau3A inserts were ligated 
into BamHI-digested LambdaGem-11 (Promega, Madi 
son, Wis.). Recombinant phage were packaged and 
plated on E. coli KW251 cells (Promega, Madison, 
Wis.). Plaques were screened by hybridization with the 
radiolabeled 69D1-D oligonucleotide probe. Hybridiz 
ing phage were plaque-purified and used to infect liquid 
cultures of E. coli KW251 cells for isolation of phage 
DNA by standard procedures (Maniatis et al. 1982) 
Molecular Cloning. A Laboratory Manual, Cold Spring 
Harbor, N.Y.). For subcloning, preparative amounts of 
DNA were digested with Hindl and electrophoresed 
on an agarose gel. The approximately, 2.0 kbp band 
containing the toxin gene was excised from the gel, 
electroeluted from the gel slice, and purified by ion 
exchange chromatography as above. The purified DNA 
insert was ligated into Hindl-digested pHTBluel (and 
E. coli/B.t. shuttle vector comprised of p8luescript S/K 
(Stratagene, San Diego, Calif.) and the replication ori 
gin from a resident B.t. plasmid (D. Lereclus etal 1989) 
FEMS Microbiol. Lett. 60:211-218). The ligation mix 
was used to transform frozen, competent E. coli NM522 
cells (ATCC 47000). Transformants were plated on LB 
agar containing 5-bromo-4-chloro-3-indolyl-(Beta)-D- 
galactoside (XGAL). Plasmids were purified from puta 
tive recombinants by alkaline lysis (Maniatis et al., su 
pra) and analyzed by electrophoresis of HindIll digests 
on agarose gels. The desired plasmid construct, 
pMYC2317, contains a toxin gene that is novel com 
pared to the maps of other toxin genes encoding insecti 
cidal proteins. 

EXAMPLE 6 

Activity of B.t. Isolates Against Mites 
B. thuringiensis isolates of the invention were tested as 

spray-dried powders of fermentation broths which 
were concentrated by centrifugation. Pellets, which 
consist of water and biomass (spores, crystalline delta 
endotoxins, cellular debris and growth media) were 
mixed with a standard carrier, preservative and surfac 
tant. Powders, which consisted of 25% biomass, were 
made using a Yamato spray drier. (Sold by Yamato 
Scientific Co., Ltd. Tokoyo, Japan) 
All broths were tested for the presence of beta 

exotoxin by a larval house fly bioassay (Campbell, D. 
P., Dieball, D. E. and Brackett, J. M., 1987, Rapid 
HPLC assay for the 3-exotoxin of Bacillus thuringensis. 
J. Agric. Food Chem. 35:156-158). Only isolates which 
tested free of A-exotoxin were used in the assays against 
mites. 

B. thuringiensis isolates were tested using an artificial 
feeding assay. Spray-dried powders were prepared for 
testing by mixing 25mg of powder in 5 ml of a 10% 
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sucrose solution. This mixture was then sonicated for 8 
minto produce a suspension. 
Two ml of suspension was placed in a reservoir con 

sisting of a metal ring with a Parafilm TM film bottom. 
A petri dish containing approximately 30 female Two 
spotted spidermites (Tetranychus urticae) was placed on 
the underside of the film. Mites were allowed to feed on 
the sucrose solution for 24 hrs and then transfered to 2 
cm French bean leaf discs (20 mites per disc). Mortality 
was determined after 7 days (Table 2). Each assay was 
done in triplicate. 

TABLE 2 
Toxicity of Bacillus thuringiensis isolates to the 
two spotted spider mite, Tetranychus urticae. 

Mortality was determined after 7 days of treatment. 
Percent 

Mortality 
63 
85 
77 
85 
85 
70 
82 
90 
97 

>90 
>90 
>90 
10 

Isolate 

B. PSSOC 
B. PS86A1 
Bt. PS69D1 
B. PS72L1 
Bt. PS751 
B. PS83ES 
B. PS4SB1 
Bt PS24. 
B. PS94R3 
Bt. PS17 
Bt PS62B1 
B. PS74G1 
Control 

EXAMPLE 7 

Cloning of Novel Acaride-Active Genes Using Generic 
Oligonucleotide Primers 

The acaricidal gene of a new acaricidal B.t. isolate 
can be obtained from DNA of the strain by performing 
the standard polymerase chain reaction using the oligo 
nucleotides of SEQID NO. 21 or SEQ 1D NO. 20 as 
reverse primers and SEQID NO. 10, SEQID NO. 11, 
SEQ ID NO. 16, Probe B of SEQ ID NO. 5 (AAT 
GAA GTAZF TAT CCA/T GTAfF AAT), or SEQ 
ID NO. 19 as forward primers. The expected PCR 
fragments would be approximately 330 to 600 bp (with 
either reverse primer and SEQ ID NO. 10), 1000 to 
1400 bp (with either reverse primer and SEQ ID NO. 
11), and 1800 to 2100 bp (with either reverse primer and 
any of the three N-terminal primers, SEQ ID NO. 5 
(Probe B), SEQ ID NO. 16, and SEQ ID NO. 19). 
Alternatively, a complement from the primer family 
described by SEQ ID NO. 10 can be used as reverse 
primer with SEQID NO. 11, SEQID NO. 16, SEQID 
NO. 5 (Probe B), or SEQID NO. 19 as forward prim 
ers. The expected PCR fragments would be approxi 
mately 650 to 1000 bp with SEQID NO. 11, and 1400 
to 1800 bp (for the three N-terminal primers, SEQ ID 
NO. 5 (Probe B), SEQID NO. 16, and SEQID NO. 
19). Amplified DNA fragments of the indicated sizes 
can be radiolabeled and used as probes to clone the 
entire gene. 
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EXAMPLE 8 

Further Cloning of Novel Acaride-Active Genes Using 
Generic Oligonucleotide Primers 

A gene coding for a acaricidal toxin of an acaricidal 
B.t. isolate can also be obtained from DNA of the strain 
by performing the standard polymerase chain reaction 
using oligonucleotides derived from the PS52A1 and 
PS69D1 gene sequences as follows: 

1. Forward primer “TGATTTTCT or A)(Cor A)T- 
CAATTATAT(A or G)A(G or T)GTTYAT” (SEQ 
ID NO. 22) can be used with primers complementary to 
probe “AAGAGTTAC or T)TA(A or G)AG or 
A)AAAGTA' (SEQID NO. 23), probe “TTAGGAC 
CATr(A or G)(C or T)T(T or A)GGATTT 
GTYGTOA or TOTATCAAAT (SEQ ID NO. 24), 
and probe "GAC or T)AGAGATGTOA or 
T)AAAATC or T)(T or A)TAGGAATG” (SEQ ID 
NO. 25) to produce amplified fragments of approxi 
mately 440, 540, and 650 bp, respectively. 

2. Forward primer “TT(A or C)TTAAA(A or 
T)C(A or T)GCTAATGATATT (SEQ ID NO. 26) 
can be used with primers complementary to SEQ ID 
NO. 23, SEQ ID NO. 24, and SEQID NO. 25 to pro 
duce amplified fragments of approximately 360, 460, 
and 570 bp, respectively. 

3. Forward primer SEQID NO. 23 can be used with 
primers complementary to SEQ ID NO. 24 and SEQ 
ID NO. 25 to produce amplified fragments of approxi 
mately 100 and 215 bp, respectively. 
Amplified DNA fragments of the indicated sizes can 

be radiolabeled and used as probes to clone the entire 
gene. 
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EXAMPLE 9 

Insertion of Toxin Genes Into Plants 
One aspect of the subject invention is the transforma 

tion of plants with genes coding for a acaricidal toxin. 
The transformed plants are resistant to attack by aca 
rides. 
Genes coding for acaricidal toxins, as disclosed 45 

herein, can be inserted into plant cells using a variety of 
techniques which are well known in the art. For exam 
ple, a large number of cloning vectors comprising a 
replication system in E. coli and a marker that permits 
selection of the transformed cells are available for prep 
aration for the insertion of foreign genes into higher 
plants. The vectors comprise, for example, pbR322, 
pUC series, M13mp series, paCYC184, etc. Accord 
ingly, the sequence coding for the B.t. toxin can be 
inserted into the vector at a suitable restriction site. The 
resulting plasmid is used for transformation into E. coli 
The E. coli cells are cultivated in a suitable nutrient 
medium, then harvested and lysed. The plasmid is re 
covered. Sequence analysis, restriction analysis, electro 
phoresis, and other biochemical-molecular biological 
methods are generally carried out as methods of analy 
sis. After each manipulation, the DNA sequence used 
can be cleaved and joined to the next DNA sequence. 
Each plasmid sequence can be cloned in the same or 
other plasmids. Depending on the method of inserting 
desired genes into the plant, other DNA sequences may 
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be necessary. If, for example, the Ti or Ri plasmid is 
used for the transformation of the plant cell, then at 
least the right border, but often the right and the left 
border of the Tior Riplasmid T-DNA, has to be joined 
as the flanking region of the genes to be inserted. 
The use of T-DNA for the transformation of plant 

cells has been intensively researched and sufficiently 
described in EP 120516; Hoekema (1985) In: The Bi 
nary Plant Vector System, Offset-durkkerij Kanters 
B.V., Alblasserdam, Chapter 5; Fraley et al., Crit. Rev. 
Plant Sci. 4:1-46; and An et al. (1985) EMBO J. 
4:277-287. 
Once the inserted DNA has been integrated in the 

genome, it is relatively stable there and, as a rule, does 
not come out again. It normally contains a selection 
marker that confers on the transformed plant cells resis 
tance to a biocide or an antibiotic, such as kanamycin, G 
418, bleomycin, hygromycin, or chloramphenicol, inter 
alia. The individually employed marker should accord 
ingly permit the selection of transformed cells rather 
than cells that do not contain the inserted DNA. 
A large number of techniques are available for insert 

ing DNA into a plant host cell. Those techniques in 
clude transformation with T-DNA using Agrobacterium 
tumefaciens or Agrobacterium rhizogenes as transforma 
tion agent, fusion, injection, or electroporation as well 
as other possible methods. If agrobacteria are used for 
the transformation, the DNA to be inserted has to be 
cloned into special plasmids, namely either into an inter 
mediate vector or into a binary vector. The intermedi 
ate vectors can be integrated into the Ti or Ri plasmid 
by homologous recombination owing to sequences that 
are homologous to sequences in the T-DNA. The Tior 
Ri plasmid also comprises the vir region necessary for 
the transfer of the T-DNA. Intermediate vectors cannot 
replicate themselves in agrobacteria. The intermediate 
vector can be transferred into Agrobacterium tumefaci 
ens by means of a helper plasmid (conjugation). Binary 
vectors can replicate themselves both in E. coli and in 
agrobacteria. They comprise a selection marker gene 
and a linker or polylinker which are framed by the right 
and left T-DNA border regions. They can be trans 
formed directly into agrobacteria (Holsters et al. 1978) 
Mol. Gen. Genet. 163:181-187). The agrobacterium 
used as host cell is to comprise a plasmid carrying a vir 
region. The vir region is necessary for the transfer of 
the T-DNA into the plant cell. Additional T-DNA may 
be contained. The bacterium so transformed is used for 
the transformation of plant cells. Plant explants can 
advantageously be cultivated with Agrobacterium tune 
faciens or Agrobacterium rhizogenes for the transfer of 
the DNA into the plant cell. Whole plants can then be 
regenerated from the infected plant material (for exam 
ple, pieces of leaf, segments of stalk, roots, but also 
protoplasts or suspension-cultivated cells) in a suitable 
medium, which may contain antibiotics or biocides for 
selection. The plants so obtained can then be tested for 
the presence of the inserted DNA. No special demands 
are made of the plasmids in the case of injection and 
electroporation. It is possible to use ordinary plasmids, 
such as, for example, pljC derivatives. 
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The transformed cells grow inside the plants in the 
usual manner. They can form germ cells and transmit 
the transformed trait(s) to progeny plants. Such plants 
can be grown in the normal manner and crossed with 
plants that have the same transformed hereditary fac 
tors or other hereditary factors. The resulting hybrid 
individuals have the corresponding phenotypic proper 
tes. 

EXAMPLE 10 

Cloning of Bacillus thuringiensis Genes Into 
Baculoviruses 

The genes coding for the insecticidal toxins, as dis 
closed herein, can be cloned into baculoviruses such as 
Autographa californica nuclear polyhedrosis virus 
(AcNPV). Plasmids can be constructed that contain the 
AcNPV genome cloned into a commercial cloning 
vector such as puC8. The AcNPV genome is modified 
so that the coding region of the polyhedrin gene is 
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removed and a unique cloning site for a passenger gene 
is placed directly behind the polyhedrin promoter. Ex 
amples of such vectors are pGP-B6874, described by 
Penhock et al. (Pennock, G. D., Shoemaker, C. and 
Miller, L. K. (1984 Mol. Cell. Biol. 4:399-406), and 
pAC380, described by Smith et al. (Smith, G. E., Sum 
mers, M. D. and Fraser, M. J. 1983 Mol Cell. Biol. 
3:2156-2165). The genes coding for the protein toxins of 
the invention can be modified with BamHI linkers at 
appropriate regions both upstream and downstream 
from the coding region and inserted into the passenger 
site of one of the AcNPV vectors. 

It should be understood that the examples and em 
bodiments described herein are for illustrative purposes 
only and that various modifications or changes in light 
thereof will be suggested to persons skilled in the art 
and are to be included within the spirit and purview of 
this application and the scope of the appended claims. 

SEQUENCE LISTING 

( . ). GENERAL INFORMATION: 

( i i i ) NUMBER OF SEQUENCES: 30 

( 2) INFORMATION FOR SEQID NO:1: 

( i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 4155 base pairs 
(B) TYPE: nucleic acid 
(C) STRANDEDNESS: double 
(D) TOPOLOGY: linear 

( i i) MOLECULE TYPE: DNA (genomic) 

( i i i ). HYPOTHETICAL: No 

( i v ANTI-SENSE: NO 

( v i ) ORIGINAL SOURCE: 
(A) ORGANISM; Bacillus thuringiensis 
(B) STRAIN: PS17 
(c) INDIVIDUALISOLATE: PS17a 

( v i i ). IMMEDIATE SOURCE: 
(B) CLONE: E. coli NM522(pMYC 1627) NRRL B-1865i 

( xi ) SEQUENCE DESCRIPTION: SEQID NO:l: 

ATGG CAATTT TAAATGAATT ATA T C CAT C GTAC CTTATA AT GTATTGGC GTATA CGC CA 60 

CCCT CTTTTT TAC CTGATGC GGGTACA CAA G CTACAC CTG CTGACTTAAC AGCTTATGAA 1 20 

CAATTGTTGA AAAATTTAGA AAAAGGGATA AATG CTGGAA CTTATTCGAA AG CAATAG CT 8 O 

GATGTACTTA AAG GTATTTT TATAGATGAT ACAATAAATT ATCAAACATA TGTAAA TATT 2 4 0 

GGTTTAAGTT TAATTACATT AGCTGTACCG GAAATTGGTA TTTTTACACC TTT CATCGGT 3 O 0 

TTGTTTTTTG CTG CATTGAA TAAACATGAT GCTCCAC CTC CTCCTAATGC AAAAGATATA 3 60 

TTTGAGGCTA TGAAA CCAGC GATTCAAGAG AT GATTGATA GAACTTTAAC TGCGGATGAG 4 20 

CAAA CATTTT TAAATGGGGA AATAAGTGGT TTACAAAATT TAG CAG CAAG ATAC CAGT CT 4 80 

ACAATGGATG ATA TT CAAAG CCATGGAGGA TTTAATAAG G TAGATT CGG ATAATTAAA 5 4 O 

AAGTTTACAG ATGAGGTACT ATCTTAAAT AGTTTATA CAGAT CGT TT AC CT GTATTT 6 00 

ATTACAGATA ATA CAG CGGA TCGAACTTT G T TAGGT CTTC cT TAT TATGc TATA CTTGCG 6 60 

AG CATG CAT C T TAT GTTATT AAGAGA TATC AT TACTAAGG GT C CGA CATG GGATT CTAAA 7 20 

ATTAATTTCA CACCAGATGC AATTGATTCC TTTAAAACCG ATATTAAAAA TAATATAAAG 7 80 
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-continued 
CTTT ACT CTA AAACTATTTA TGACGTATTT CAGAAGGGAC TT GCTTCATA CGGAACGCCT 84 0 

Tct Gatt tag AGT ccTtTGc AAAAAAACAA AAAtat atta AAAttataac Aacacatt GT 9 00 
TTAGATTTTG CAAGATTGTT T. CCTACTTTT GATCCAGATC TT TATCCAAC AGGAT CAGGT 9 60 

GA TATAAGTT TACAAAAAAC ACGTAGAATT CTTTCTCCTT TTATCCCTAT ACGTACTG CA 1 020 

GATGGGTTAA CATTAAATAA TACTT CAATT GATACTT CAA ATTGGCCTAA TTATGAAAAT 08 0 

GGGAATGGCG CGTTTCCAAA CCCAAAAGAA AGAATATTAA AACAATTCAA ACT GTATCCT 1 1 4 0 

AGTTGGAGAG. CGGGACAGTA CGGTGGGCTT TTACAA CCTT ATTTATGGGC AAT AGAAGTC 120 0 

CAAGATT CTG TAGAGA CTCG TTT GTATGGG CAG CTTC CAG CTG TAGATCC ACAGGCAGGG 1 2 60 

CCTAATTATG TTT C CATAGA TT CTT CTAAT C CAATCATAC AAATAAATA T G GATA CTTGG 1 32 0 

AAAACACCAC CACAAGGTGC GAGTGGGTGG AATA CAAATT TAATGAGAGG AAGTGTAAGC 138 0 

GGGTTAAGTT TTTT ACAA CG AGATGG T ACG AGACTTAG T G CTGG T ATGG G T G GTGGTTTT 1 440 

GCTGATACAA TATATA GT CT CCCTG CAA CT CATTATCTTT CTTAT CTCTA TGGAACT CCT 1 500 

TAT CAAAcTT CTGATAACTA TT CTGGT CAC GT TGG T G CAT TGG TAGGTG T GAG TAccccT 1 s 60 

CAAGAGGCTA CTCTCC TAA TATTATAGGT CAA CCAGATG AACAGGGAAA GTAT CACA 1 6.2 0 

ATGGGATTTC CGTTTGAAAA AG CTTCTTAT GGAGGTA CAG TT GTTAAAGA ATGGTTAAAT 1 68 0 

GGG CGAA G CGATGAAG CT TT CTC CTGGG CAATCTATAG GTATT C CTAT TA CAAATGA 1. 7 4 0 

ACAAGTGGAG AATAT CAAAT TCGTTGT CGT TATG CAAGTA ATGATAATAC TAACGTTTTC 1800 

TTTAATG TAG AT Act GGTGG AG CAAAT cca Attitt coAAC AGATAAAct T to catct Act 18 60 
GTAGATAATA ATAC GGGAGT ACAAG GAG CA AATGG GT CT AT GTA GT CAA ATCTATTG CT 1920 

A CAA CT GATA ATT CTTAC AGAAATTCCT. G. CGAAGA CGA TTAATGTTCA T TAA, CCAA C 1980 

CAAGGTTCTT CTGAT GT CTT TTTAGACCGT ATTGAATTTA TAC CTTTTT C T CTAC CTCTT 204 0 

ATATATCATG GAAGTTATAA TACTT CAT CA. GGTG CAGATG AT GTTTTATG GT CTTCTTCA 2 1 0 0 

AAT ATGAATT ACT Acq ATAT AAT AG T AAA T G GT CAGGCCA AT AG TAG TAG TAT coc TAG T 2 160 

TCTAT G CATT TG CTTAATAA AG GAAAAG T G ATAAAAACAA TTGATATT C C AGGG CAT TCG 2 220 

GAAAC CTTCT TTG CTACGTT CCCAGTTCCA GAAGGATTTA ATGAAGTTAG AATTCTTGCT 22 80 

GGC CTTC CAG AAG TAGTGG AAA TATTAC C G TACAAT CTA ATAATCCGC C T CAA CCTA GT 2 3 40 

AATAATGGTG GTGGTGATGG T GGTGGTAAT GGTGGTG. GTG ATGGTGGT CA ATACAATTTT 2 4 00 

TCTT TAAG CG GAT CTGAT CA. TACG ACTATT TAT CATGGAA AACTTGAAAC TGGGATT CAT 2 4 60 

GT ACAAG GTA AT TATAC CTA TACAGGT ACT C CCGTATTAA tactgaatgc TT acagaaat 2s 20 

AAT AcTG TAG TAT CAAG CAT TccAG TATAT TCT cc TTTTG ATATAACTAT ACAGAcAGAA 25 80 
GCTGATAGCC TTGAGCTTGA, ACTACAAC CT AGATATGGTT TT GCCA CAG T GAATGGTACT 2 640 

GCAA CAGTAA AAA GT CCTAA TGTAAATTAC GATAGAT CAT TTAAA CTCCC AAT AGACTTA. 27 00 

CAAAA TAT CA CAA CACAAGT AAATG CATTA TTCGCAT CTG GAA CACAAAA ATG CTTGCT 27 60 

CATAATGTAA GTGAT CATGA TATTGAAGAA GTTGTATTAA AAGTGGATGC CTTATCAGAT 2 82 0 

GAAGTATTG GAGATGAGAA GAAGGCTTTA CGT AAATTGG T GAATCAAGC AAAACGTTTG 2 880 

AG TAGAGCAA GAAATCTTCT GATAGGTGGG AGTTTTGAAA ATTGGGATGC ATGGTATAHA 29 40 

GGAAGAAATG TAG T AACT G T AT crg ATCAT GAACTAT TTA AGAGTGAT CA T G T AT TATTA 3 000 

CCACCACCAG GATTGTCTCC ATCTTATATT TTCCAAAAAG TGGAGGAATC TAAATTAAAA 3 0 60 

CCAAAT ACAC GT TATATTGT TTCTGGATTC ATCGCACATG GAAAAG ACCT AGAAATTGTT 31 20 

GTTT cacGTT at GGG caaGA AGTGcAAAAG GT catgcAAG TT cc TTATGG AGAAGCAt t c 31 80 
CCGT TAA CAT CAAATGG ACC AGTTTGTTGT CCCCCACGTT CTACAAGTAA TGGAAC CTTA 3 2 40 
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GGAGATccAC ATTTCTTTAG T TAcAG TAT c GATGT AGG T G cacTAGATTT ACAAG CAAAc 33 0 O 
CCTGGTATTG AATTTGGT CT TCGTATTGTA AATCCAA CTG GAATGGCACG CGTAAG CAAT 3 3 6 O 

TTGGAAATTC GTGAAGATCG TCCATTAGCA GCAAATGAAA TACGACAAGT ACAA CGTGTC 3 420 

G CAAGAAATT GGAGAA CCGA GTATGAGAAA GAA CGTGCGG AAGTAACAAG TTTAATTCAA 34 80 

CCTGTATCA ATCGAAT CAA CGGATEGAT GAAAATGGAA ATTGGAA CGG TT CTATTCG 3 S 4 O 

TCAGATATTT CGTATCAGAA TATAGACGCG ATTGTATTAC CAA CGT TACC AAAGTTACGC 3 60 O 

CATTGGTTTA TGT CAGATAG ATTCAGTGAA CAAGGAGATA TAATGGCTAA ATTCCAAGGT 3 6 6 O 

G CATAAATC GTG CGTAT G. C. A. CAA CTCG GAA CAAA GTACGC TTCG CATAA TGGT CATTTT 372 O 

A CAAAAGATG CAGCTAATTG GACAAT AGAA GGCGATGCAC AT CAGATAAC ACTAGAAGAT 3 780 

GGTAGACGTG TATTGCGACT TCCAGATTGG TCTT CGAGTG TATCT CAAAT GATTGA&ATC 38 40 

GAGAATTTTA ATCCAGATAA AGAATACAAC TTAGTATTCC ATGGG CAAGG AGAAGGAA CG 39 O. O. 

GTTAC GT TGG AG CATGGAGA AGAAACAAAA TATATAGAAA CGCATA CACA TCATTTTG CG 39 60 

AATTTTACAA CTTCT CAA CG T CAAGGACT CACGTTTGAAT CAAATAAAG T GACAGTGACC 40 20 

ATTT CTT CAG AAGAGGAGA ATT CTTAGTG GAAATATTG CGCTTGTGGA AG CT C C CTT 4 08 0 

CCTACAGATG ACCAAAATTC TGAGGGAAAT ACGG CTTCCA GTACGAATAG CGATACAAGT 4 1 4 0 

ATGAACAACA ATCAA 4 155 

(2) INFORMATION FOR SEQED NO:2: 

( i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 1385 amino acids 
(B) TYPE:amino acid 
(C) STRANDEDNESS: single 
(D) TOPOLOGY: linear 

( i i ) MOLECULETYPE: protein 

( i i i ) HYPOTHETICAL: YES 

( i v )ANTI-SENSE: NO 

( v i ) ORIGINAL SOURCE: 
(A) ORGANISM: BACILLUS THURINGIENSIS 
(C) INDIVIDUALISOLATE: PS17 

( v ii) IMMEDIATE SOURCE: 
(B) CLONE: E. coli NM522(pMYC 1627) NRRL B-18651 

( xi ) SEQUENCE DESCRIPTION: SEQID No.2: 

Me t A la I 1 e Le u As in G 1 u Le u Tyr Pro Ser Va i Pro Tyr As n Val Le u 
1. 5 O 1 5 

A 1 a Tyr Thr Pro Pro Ser P he Le u Pro A s p A 1 a G 1 y Thr G 1 in A a Thr 
2 O 25 3 O 

Pro A la A s p L. eu Thr A 1 a Tyr G 1 u G n Le u Leu Lys As n Le u G 1 u Lys 
35 4 O 4 5 

G 1 y I 1 e As n Al a Giy Thr Tyr Ser Lys A 1 a e A 1 a. As p V a 1 Le u Lys 
55 6 O 

G l y I i e Ph e I i e A s p A s p Thr I 1 e As n Tyr G 1 in Th r Tyr Val As n I e 
65 0. 7 5 O 

G 1 y Leu Ser Le u I 1 c Th r Le u A 1 a V a l Pro G 1 u I le G 1 y I le Phe Thr 
85 9 0. 95 

Pro Phe I le G 1 y Leu Phe Phi e A 1 a. A 1 a Le u As n Lys H is sp A 1 a Pro 
05 1 1 0 

Pro Pro Pro As in Al a Lys Asp I 1 e Phe G 1 u A a Met Lys Pro A la I le 
1 1 S 2 O 1 2 5 

G 1 in G 1 u Me t I e A s p Arg Th r Le u Thr A 1 a. As p G 1 u G 1 in Thr Phe Le u 
30 135 1 4 0 
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As n Gl y G 1 u I le Ser G 1 y Le u G 1 n As in Le u A 1 a. A la Arg Tyr Gl in Se r 
45 1 5 O S5 1 60 

Thr Me t A s p A s p I le G l n Ser H is G 1 y G 1 y Ph. e. As n Lys V a l Asp Ser 
1 65 75 

G l y Le u I le Lys Lys Phe Thr Asp G 1 u Val Leu Ser L. eu As n Ser Phe 
1 8 O 185 90 

Ty r Th r A s p A rig Le u Pro V a 1 Phe I 1 e Th r A s p As n Th r A 1 a. A s p Arg 
95 2 00 2 O 5 

Thr L. eu Le u G 1 y Le u Pro y r Ty r A la II e Leu Al a Ser Met H is Le u 
2 : 0 2 5 22 O 

Met Le u Le u Arg A s p I le I le Thr Lys G 1 y Pro Thir Trp Asp Ser Lys 
225 23 O 2 35 240 

I e As n Phe Thr Pro A s p A a I e A s p Ser P he Lys Thr Asp I i e Lys 
2 4 5 2 S 0 255 

As in As n I 1 e Lys Le u Tyr Ser Lys Thr I 1 e Ty r A s p V a 1 P he G 1 n Lys 
2 60 2 65 27 0 

G l y Le u A 1 a Ser Tyr G 1 y Thr Pro Ser Asp Le u G 1 u Se r Phe Al a Lys 
275 28 0 285 

Lys G 1 n Lys Ty r I le G 1 u I 1 e Met Th r Thr H is Cys L. eu A s p Ph e A 1 a 
29 O 3 O 0 

A rig Le u Ph e Pro Thr he A s p Pro A. s p L. eu Tyr Pro Thr G 1 y Ser G 1 y 
3 O 5 3 1 0 3 15 20 

As p I le Ser Le u G 1 in Lys Thr Arg Arg I i e Le u Ser Pro Phe I le Pro 
3 25 3 3 O 35 

I le Arg Th r A 1 a. As p G 1 y Le u Thr L. eu As in As n Th r S e r I i e A s p Thr 
34 0 3 4 5 3 5 O 

Ser As n Trp Pro As in Tyr G 1 u As in G 1 y As n G 1 y Al a Phe Pro As in Pro 
355 3 60 3 65 

Lys G 1 u Arg e Le u Lys G 1 in Phc Lys Le u Tyr Pro Ser Trip A rig A 1 a 
37 0 3 75 3. 80 

G y G 1 in Tyr G 1 y G 1 y Le u Le u G in Pro Ty r Le u T r p A la I le G 1 u Wa 1 
38 39 0 395 4 00 

G l n A s p Ser Val G i u Thr Arg Le u Tyr G i y G | n Le u Pro A 1 a V a As p 
4 O 5 4 10 4 S 

Pro G 1 in A1 a G y Pro. As in Tyr V a 1 Ser I le Asp Ser Ser As n Pro II e 
4 20 4 25 4 30 

I i e G 1 n I e As in Met A s p Thr Trip Lys Thr Pro Pro G 1 n G 1 y A a Ser 
4 40 4 45 

G y Trip As in Thr As n Le u Me t Arg, G 1 y Ser w a 1 Ser G 1 y L. eu Se r Ph. c. 
4 is O 4 55 4 6 O 

Le u G in Arg A s p G 1 y Thr Arg L. eu Se r A a G 1 y Met G 1 y G 1 y G 1 y P he 
4 6 S 470 475 48 0 

A 1 a. As p Thr I le Tyr Ser Le u Pro A 1 a Thr H is Ty r Le u Ser Ty r Le u 
4 85 4 9 O 49 S 

Tyr G 1 y Thr Pro Tyr G 1 n Th r S e r A s p As n Tyr Ser G 1 y H is V a 1 G1 y 
500 5 O 5 5 10 

A 1 a Le u v a 1 G1 y Val Ser Thr Pro G in G 1 u A la Thr Le u Pro As n I 1 e 
S 15 S 2 0. 525 

1 e G y G 1 in Pro A s p G 1 u G 1 in G y As n Val Ser Thr Met G 1 y Phe Pro 
5 30 S3 is S 40 

P he G 1 u Lys Al a Ser Tyr G 1 y G 1 y Thr Val Va. 1 Lys G 1 u Trip L. eu As n 
545 550 555 5 6 O 

G i y A 1 a. As in AI a Met Lys L. eu Ser Pro G y G. l n Ser e Giy I e Pro 
5 65 57 0 75 

29 
5,424,410 

30 



1 e 

As in 

Thr 
625 

T. r 

H is 

Pae 

Tyr 
705 

Ser 

P o 

P he 

I e 

Thr 

Va. 1 

G 
8 6 S 

A 1 a 

Pro 

G 

A 1 a 

P he 

Thr 

As in 

Pro 
6 0 

G y 

i e u 

I e 

S e 
69 O. 

As p 

Me t 

Gly 

As n 

Th 
7 7 0 

As p 

Le u 

Gly 

I le 

Tyr 
8 50 

Th 

e 

Gly 

G 1 u 
9 30 

G u 

A rig 

T r p 

I le 

As n 

V a 

Thr 

Pro 
675 

G 1 y 

I le 

H is 

H is 

G 1 u 
7 55 

Va. 1 

Gly 

I e 

Le u 
835 

G 1 u 

Val 

Thr 
9 5 

Va 

Lys 

A la 

Ser 
995 

P he 

Wa 
58 0 

As 

P be 

G 1 in 

As in 

As in 
6 60 

P he 

A l a 

1 e 

Sle r 
7 4 O 

Wa 

G in 

Gly 

Gly 

H is 
8 2 O 

As a 

Pro 

Le u 
9 00 

G 

Va. 1 

A rig 

Lys 
9 8 O 

As p 

G in 

31 

Th 

Thr 

G in 

Gly 

Ser 
6 4.5 

Gl in 

Wa 

L. eu 
7 25 

G 1 u 

Arg 

Ser 

Gly 

Ser 
8 O 5 

Wa 

A 1 a 

Phe 

G 

Ser 
8 85 

G 1 in 

Ser 

As in 

G 

A 1 a 
6 3 O 

P he 

G y 

Le u 

As p 

As in 
7 10 

As in 

Thr 

I le 

As in 

As in 
79 0 

G n 

As p 

Pro 
870 

Pro 

As in 

As in Met 

Le u 

A 1 a 

As in 
9 65 

G y 

H is 

Lys 

L. eu 
9 50 

Le u 

A rig 

Va 

Wa 1 

5,424,410 

-continued 
G 1 y G 1 u Tyr 

585 

P he 
600 

Va P he 

e As in Phe 
6 5 

As n G y V a 1 

Th T G u 1 e 

Ser Ser 

Le u 
68 0 

Pro 

Wa Le u 
695 

G 1 in Gly A 1 a 

Gly 

P e P he A l a 
745 

A 1 a 
7 60 

Le u Gly 

Pro Pro As n 
77 5 

Gy G 1 y Gly 

His Thr Thr 

G 1 y As n Tyr 
8 25 

As in 
8 40 

Arg As in 

1 e Thr 
855 

e 

A rig Gly 

As n V a As in 

e Thr Thr 
9 05 

L. eu. A a 
9 20 

H is 

Va. 1 
9 35 

A s p A 1 a 

A rig Lys 

Le u I le G y 

As Va. 1 V a 

Le u L. eu 
1 000 

P to 

G 1 G Ser 

G in 

A 1 a 

Pro 
650 

Va. 1 

S e r 

As n 

Wa 
730 

T. r 

L. eu 

G 1 in 

As p 

6 

T. r 

G in 

Ple 

Ty r 
89 0 

G 1 in 

As in 

Va. 1 

Thr 
9 85 

Pro 

Lys 

I e 

Wa 

Wa 1 
63S 

A 1 a 

P he 

H is 

I e 

Phe 

Pro 

P ro 

Wa 

Th 

A 1 a 
87.5 

As p 

Wa 1 

Va. 1 

As in 
955 

Ser 

Wa 

Pro 

A rig 

A sp 

Thr 
62. O 

Va. 1 

Ly is 

L. eu 

Gly 

Ser 
7 00 

Se 

P o 

G u 

Ser 
7 80 

Gly 

H is 

Thr 

Wa 1 

G 1 u 
8 6. 0 

Thr 

A rig 

As in 

Sle r 

Phe 

Set 

G 1 y 

32 

A rig Tyr 
590 

Cys 

Thr 
6 OS 

G y Gly 

Wa A s p As in 

Lys Ser I 1 e 

Thir I e 
6S 5 

A s p A rig I le 
6 70 

Ser As n 
6 8S 

Ty r 

As in Met As in 

I e A 1 a 

Thr I e As 
7 3 

Wa Pro G 1 u 
7 50 

Wa 
7 6 5 

Ser G 1 y 

As in As in Gly 

Gl in Tyr As in 

L. eu 
8 1 

G 1 y Lys 
5 

G 1 y Thr Pro 
83 0 

Ser e 
84 S 

See 

A 1 a. As p Ser 

Val As in G 1 y 

Ser Phe Lys 
895 

A 1 a Le u Ph e 
9 10 

As p H is 
9 2 5 

As p 

Glu Val Phe 

A la Lys Arg 

Glu As in Trip 
975 

G u 
9 90 

As p H is 

Leu 
1 O O 5 

Ser Pro 

Pro As in Thr 

A 1 a 

A 1 a 

As in 

A 1 a 
6 4 O 

Wa 

G u 

Thr 

Ser 
720 

e 

G 1 y 

G 1 y 

Ple 
800 

G u 

Wa 

Pro 

L. eu 

Thr 
880 

L. eu 

A 1 a 

e 

G 1 y 

Le u 
9 6 O 

As p 

Le u 

Ser 

A rig 
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-continued 
1 0 1 0 1 O 1 is 020 

Ty r I le V a l Ser G l y P he e. A 1 a His G 1 y Lys As p Le u G 1 u I le V a 
0.25 1 0 30 1935 04 O 

V a 1 Ser Arg Tyr G 1 y G 1 in G 1 u Val G 1 in Lys V a V a G l n Val Pro Ty r 
1 O 45 1 O 50 1 05 5 

G 1 y G 1 u A a Phe Pro Le u Thir Ser As n G 1 y Pro V a 1 Cys Cys Pro Pro 
1 0 6 O 0 65 1 O 7 0 

A rig Ser Thr Ser As in G 1 y Thr Le u G 1 y A s p Pro H is Phe Phe Ser Ty r 
O 75 1 08 0 O 8 S 

S e r 1 e A s p V a 1 Gly. A a L. eu As p Le u G 1 in A 1 a. As n Pro G I y I le G 1 u 
0 90 O 9 5 1 0 O 

P he G 1 y Le u Arg I e 1 As n Pro Thr G 1 y Met A 1 a. A rig Val Ser As n 
1 1 0 5 1 1 O 1 1 S 1 1 20 

Le u G 1 u I l e Arg G 1 u A s p Arg Pro Le u A 1 a. A 1 a. As in G i u I l e Ar y G 1 in 
1 2 5 1 3 O 35 

Wa 1 G1 n A rig V a A a A rig As in Trip Arg Th r G 1 u Tyr G I u. y s G 1 u Arg 
1 4 0 1 4 S 1 50 

A a G 1 u Wa I Thir Ser Le u e G 1 in Pro Wa I 1 e As in r g I le As n G 1 y 
55 1 1 60 65 

Le u Tyr G 1 u As in G 1 y As in Trp As n G 1 y Ser I e Arg Ser Asp I e Sier 
1 1 70 1 75 1 80 

Tyr G 1 in As n I 1 e A s p A a I le V a 1 Le u Pro Thr Le u Pro Lys Le u g 
185 1 1 90 19 S 1 29 O 

His Trip Phe Me t Ser A s p Arg Phe Ser G 1 u G in G 1 y A s p I le M et A 1 a 
1 2 O 5 1 2 1 0 2 5 

Lys Phe G 1 in G i y A a Leu As in Arg Al a Ty r A I a G 1 in Le u G 1 u G 1 in Ser 
1 220 1 225 1 2 30 

Th r Le u Le u H is As n G 1 y H is Phe Thr Lys As p A 1 a. A 1 a. As n Trp Thr 
1 2 35 1 2 40 1 2 4 5 

I le G 1 u G y A s p A 1 a His G 1 n I le Thr Le u Glu A s p g I y Arg Arg Val 
1 2 50 1 2 55 2 60 

Le u Arg Le u Pro A s p Trip Ser Ser Ser Val Ser G in Me t I I e G 1 u I e 
12 6 S 1 2 3 0 1275 280 

G 1 u As in Phe As n Pro A s p Lys G 1 u Tyr As n Le u v a Ph e H is G 1 y G n 
28 5 129 0 12 9 5 

G l y G 1 u Gl y Thr Val Thr Le u G 1 u H is G 1 y G 1 u G 1 u Thr Lys Ty r I 1 e 
3 O 0 13 05 1. 3 10 

G 1 u Thr H is Thr H is H is Phe A 1 a. As n Phe Thr Thr se r G 1 in Arg G 1 in 
3 1. S 3 20 1. 3 2 5 

G 1 y Leu Thr P he G i u Ser As in Lys V a Thr Val Thr I e Ser Ser G 1 u 
1 33 0 3 3 S 3 4 O 

As p G 1 y G 1 u Ph e Le u Val As p As n I 1 e Al a Le u Val G 1 u A 1 a Pro Le u 
3 4 5 3 SO 355 3 60 

Pro Th r A s p A s p G 1 in As in Ser G 1 u G y As n Th r A a Ser Ser Th r A s n 
13 6 S 1370 3 75 

Ser Asp Th r S er Me t As in As n As n G 1 n 
3 80 385 

(2) INFORMATION FOR SEQDD NO:3: 

( i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 3867 base airs 
(B) TYPE: nucleic acid 
(C) STRANDEDNESS: double 
(D) TOPOLOGY: linear 

( i i ) MOLECULETYPE: DNA (genomic) 
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-continued 

( i i i ) HYPOTHETICAL: No 

( i v ANTI-SENSE: NO 

( v i ) ORIGINAL SOURCE: 
(A) ORGANISM: Bacillus thuringieasis 
(B) STRAIN: PS17 
(c) INDIVIDUALISOLATE: PS17b 

( v i i ). IMMEDIATE SOURCE: 
(B) CLONE: E. coli NM522(pMYC 1628)NRRL B-18652 

( xi ) SEQUENCE DESCRIPTION: SEQID NO:3: 

AGG CAATTT TAAATGAATT ATAT C CAT CT GTAC CTATA ATGTATTGGC GTATACGC CA 6 O 

cc cTCTTTTT TAccTGATGc GGG T ACACAA GCTACAC CTG CTG ACTTAAc Acc TTATGAA 2 O 

CAATTGTTGA AAAATTTAGA AAAAGGGATA AATG CTGGAA CTTATTCGAA AG CAATAG CT 18 O 

GATGTACTTA AAG GTATTTT TAT AGAT GAT ACAATAAA TT AT CAAACATA TGTAAA TATT 24 O 

GGTTTAAGTT TAATTACATT AGCTGTACCG GAAATTGGTA TTTTT ACACC TTT CATCGGT 3 O O 

TGT TTTTG CTG CATGAA TAAACAGAT G. CTCCA C C T C C T C CTAATGC AAAAGATATA 3 6 O 

TTTGAGGCTA TGAAAC CAGC GATTCAAGAG AT GATTGATA GAACTTAAC TG CGGATGAG 4 20 

CAAACATTTT TAAATGGGGA AATAAGTGGT TTACAAAATT TAG CAGCAAG ATACCAGT CT 48 0 

A CAATGGATG ATATTCAA AG CCATGGAGGA TTTAATAAGG AGATTCTGG AT TAATTAAA S 4 O 

AAGTTTACAG ATGAGGTACT ATCTTTAAAT AGTTTTTATA CAGAT CGTTT AC CTGTATTT 60 0 

ATTACAGATA ATACAGCGGA TCGAACTTT G T TAGGT CTTC CTTATTATGC TATACTTGCG 6 6 O 

AG CATG CAT C T TAT G T TATT AAG AGAT ATC AT TACT AAGG GT CCGACATG GGATT CT AAA 720 

ATTAATTT CA CAC CAGATGC AATTGATT C C TTTAAAA CCG ATATTAAAAA TAATAAAAG 780 

CTTTACT CTA AAACTATTTA TGACGTATTT CAGAAGGGAC TTG CTTCATA CGGAACGCCT 8 4 O 

TCTGATTTAG AGT CCTTT GC AAAAAAACAA AAA. TATATTG AAATTATGAC AACA CATTGT 9 00 

TTAGATTTTG CAAGATTGTT TCCTACTTTT GATCCAGATC TTTATCCAAC AGGAT CAGGT 9 6 O 

GAATAAGTT TA CAAAAAAC ACG TAGAATT CTTT CT CCTT ttatcc.ctat A CGACTG CA 1 O 2 O 

GATGGGTTAA CATTAAATAA TACTT CAATT GATACTT CAA ATTGGCCTAA TTATGAAAAT 1 0 80 

GGGAATGGCG CGTTTCCAAA CCCAAAAGAA AGAATATTAA AACAATTCAA ACT GTATC CT 1 1 4 0 

AGTTGGAGAG CGG CACAGTA CGGTGGG CTT TTACAAC CTT ATTATGGGC AAT AGAA GT C 1, 20 O 

CAAGAT CTG TAGAGA CTCG TTT GTATGGG CAG CTCCAG CTGTAGAT C C A CAGGCAGGG 1 2 60 

CCTAATTATG TTTCCATAGA TTCTT CTAAT CCAATCATAC AAATAAA TAT GGATACTTGG 13 20 

AAAACACCAC CACAAGGTGC GAGTGGGTGG AATA CAAATT TAATGAGAGG AAGTGTAAGC 138 0 

GGGTTAAGTT TTTTACAACG. AGATGGTACG. AGACTTAGTG CTGGTATGGG TGGTGGTTTT 440 

GCTGATACAA TATATAGT CT ccCTG CAACT CATTATCTTT CTTAT cTCTA To GAACT ccT 15 00 

TAT CAAACTT CTGATAACTA TTCTGGT CAC GTTGGTG CAT TGGTAGGTGT GAGTACGCCT 15 60 

CAAGAGGCTA CTCTTCCTAA TATTATAGGT CAAC CAGATG AACAGGGAAA TGTATCTACA 16 20 

ATGGGATTTC CGTTTGAAAA AGCTTCTTAT GGAGGTACAG TTGTTAAAGA ATGGTTAAAT 68 0 

GGTGCGAATG CGATGAAG CT TTCTCCTGGG CAATCTATAG GTATTCCTAT TACAAATGTA 1740 

A CAAGTGGAG AATATCAAAT TCGTTGT CGT TATG CAAGTA ATGATAATAC TAACGTTTTC 1800 

TTTAATGTAG ATACTGGTGG AGCAAATCCA ATTTTCCAAC AGATAAACTT TG CATCTACT 18 60 

GT AGATAATA ATACGGGA GT ACAAGGAGCA AATGGTGT CT ATGTAGT CAA ATCTATTGCT 1920 

AcAActgata Attctttt Ac Agt AAAAAtt cotGcGAAGA coattaatgttcattta acc 1980 
AACCAAGGTT CTTCTGATGT CTTTTTAGAT CGTATTGAGT TTGTTCCAAT TCTAGAATCA 204 0 



AATACTGTAA 

ATAG CTC CTC 

GGT CGAACTA 

ACACAAACCA 

GA CATA GT T 

AAATTAGATT 

CAAAATGATT 

GATGCA CTTG 

GCATTATCTG 

GCGAAG CGCT 

GCTTGGTATA 

CATGTATTAT 

T CAAATTAA 

TTAGAAATTG 

GGAGAAG CAT 

AAGGAACTT 

GTAGA CACAA 

CGCGTAAG CA 

GTACAA CGTG 

AGT TAATTC 

GGTT CTATTC 

CCAAA GT TAC 

AAATTC CAAG 

AATGGT CATT 

GTATTAGAAG 

A CGATTGAAA 

GGAGAAGGAA 

CAT CATTTTG 

GTGACA GT GA 

GAAG CTCCTC 

AG CGATA CAA 

37 

CAATTCAA 

TTTGGAGTAC 

CCCCTAACAG 

TTCCTATTCC 

CTATTGATA 

TTAC CAATAA 

TAGAGAATAT 

CAACAGAT GT 

A GAAGGTT 

TAAG CAAGGC 

GAGGAAGAAA 

TACCACCACC 

AACGAAATAC 

TGGTTTCTCG 

T C C CAT AAC 

TAGG CAATCC 

ACCCTGGTAT 

ATTTGGAAAT 

TCG CAAGAAA 

AAC CT G T TAT 

GTT CAGATAT 

GCCATTGGTT 

GTG CATTAAA 

TACAAAAGA 

ATGGTAAA CG 

TCGAGAATTT 

CGGTTACGTT 

CGAATTTAC 

CCATT T. CTTC 

TTCCTA CAGA 

GTATGAACAA 

( 2) INFORMATION FOR SEQID NO:4: 
( i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 1289 amino acids 
(B) TYPE: amino acid 

CAATTCATAT 

TAGTTCAGAT 

TGATGATGCT 

GGGTTC CGGA 

TTTTGT CGGA 

TAATAGTGGT 

CACA ACACAA 

GAGTGAT CAT 

TGGAAAAGAG. 

GCGTAAT CTC 

T G TAGAAA C 

AGGATT GT CT 

A CGT TATA CG 

TTA TGG G CAA 

AT CAAGTGGA 

A CATTT CTTT 

TGAATTCGGT 

TCGTGAAGAT 

TTGGAGAA CC 

CAATCGAATC 

TT CGTATCAG 

TATGT CAGAT 

TCG T G CGTAT 

T G CAGCCAAT 

TGTATTACGA 

TGACCAGAT 

GGAG CATGGA 

AACTTC CAA 

AGAAGATGGA 

TGACCAAAAT 

CAATCAA 

(C) STRANDEDNESS: single 
(D) TOPOLOGY: linear 

( i i ) MOLECULE TYPE: protein 

( i i i ) HYPOTHETICAL: YES 

( i v ANTI-SENSE: NO 

( v i ) ORIGINAL SOURCE: 
(A) ORGANISM: BACELLUS THURINGENSIS 
(c) INDIVIDUALISOLATE: PS17 

( v i i ). IMMEDIATE SOURCE: 
(B) CLONE: E. coli NM522(pMYC 1628) NRRL B-18652 

5,424,410 

-continued 
ACTA CAGGTT 

AAA G C C CTTA 

TTGCTTCGAT 

AAAGATTTTA 

TCT Go TCTAC 

AGTGGTGGCT 

GTGAATGCTC 

GATATTGAAG 

AAAAAAA CAT 

CTGG TAGGAG 

GTATCTAATC 

cCAT cT TATA 

GTTTCTGG AT 

GAAATAAAGA 

CCAGTTTGT 

A GT TA CAGTA 

CTTCGTATTG 

CGT C CAT TAG 

GAG TAGAGA 

AATGGATTGT 

AATATAGACG 

AGATTTAGTG 

G CACAA CTGG 

TGGACGG TAG 

TTGCCAGATT 

AAAGAATATC 

GAAGAAACAA 

CGT CAAG GAC 

GAATT CTTAG 

T CTGAGGGAA 

CAG CAAATCT 

CAGGTTCTAT 

TTTTTAAAAC 

CAAATA CTCT 

ATGGA C CGA 

CTCCAAAGAG 

TATTCACATC 

AAGTGGTT CT 

TG CGAAATT 

G CAATTTTGA 

A CGAACTGT 

TTTTCCAAAA 

TTATTG CG CA 

AA GTGG T G CA 

GTAT C C CACA 

TTGA T G TAGG 

TAAATCCAA C 

CAG CAAATGA 

AAGAA CGTG C 

A T GACAATGG 

CGATT GTATT 

AACAAG GAGA 

AACAAAATAC 

AAGGCGATGC 

GGT CTTCGAG 

AATTAGTATT 

AATATAT AGA 

TCACGTTTGA 

TGGATAATAT 

ATACGG CTC 

38 

TATAC CAG CA 

GT CAATAACA 

TAATTATGAT 

AGAAATA CAA 

TGGAT CTATA 

TTT CACCGAG 

TAATACA CAA 

AAAAG TAGAT 

TGTAAATCAA 

TAACTTGGAT 

GAAGAGTGAT 

AGGGAG GAA 

TG CAA CAGAT 

AGTTCCTTAT 

TT CACAAGT 

TG CATTAGAT 

TGGAATGG CA 

AATA CGACAA 

GGAAGTAACA 

AAA T G GAA C 

A CCAA CGTTA 

TATCATGGCT 

GCTT CTG CAT 

A CAT CAGGTA 

TGTGT CT CAA 

T CATGGG CAA 

AACG CATACA 

AT CAAATAAA 

TGCGCTTGTG 

CAGTA CGAAT 

2 : 00 

2 60 

2 220 

2, 2 80 

2 3 40 

2 4 00 

2 4 60 

2 5 20 

25 80 

2 6 40 

27 00 

27 6. 0 

2 82 0 

2 880 

29 40 

3 O O. O. 

3 O 60 

31 20 

3 80 

32 4 0 

33 00 

3 3 60 

3 420 

3 48 0 

35 40 

3 600 

3 6 60 

3 20 

3 780 

3 8 40 

38 67 



39 

( xi ) SEQUENCE DESCRIPTION: SEQID NO:4: 

Me t A 1 a 

A a Tyr 

P o A 1 a 

G 1 y I 1 e 
O 

G 1 y I e 
65 

G y L. eu 

Pro P e 

Pro Fr o 

G 1 in Glu 
13 O 

As in Gly 
45 

T Me t 

G y Le u 

Tyr Thr 

Thir Le u 
2 1 0. 

Met L. eu 
2 25 

e As in 

As in As in 

G l y Le u 

Lys G n 
29 O 

A rig L. eu 
3 OS 

As p e 

e Arg 

Ser As in 

Lys G 1 u 
3 0 

A a G 1 a 
3. 8s 

G n. As p 

Pro G 1 a 

e 

T. r 

As p 

As in 

e 

Ser 

e 

Pro 
1 is 

Me t 

Glu 

A Sp 

e 

Le u 

Phe 

e 

A 1 a 
275 

P e 

Ser 

Thr 

A rig 

Tyr 

Ser 

A a 

eu As a 
5 

Pro Pro 
2 O 

Le u Thr 

A a G y 

I 1 e A sp 

Let 

As in A 1 a 

I le. As p 

e Sier 

As p | 

A rig L et 

G 1 y L. eu 

A rig A sp 

Tr P 
24 S 

y S L. eu 
2 6 O 

Ty r e 

Pro 

Le u G n 
3 25 

A a As p 
3 4 O 

Pro As 

e Le u 

G 1 y Gly 

Wa G 
4 O 5 

G 1 y Pro 

G u 

Ser 

A 1 a 

Thr 

As p 
7 0 

Thr 

Phe 

Lys 

A rig 

Ple 

P 

P O 

e 
23 O. 

As p 

Gly 

G 

Ple 
3 1 O 

L. eu 
39 0 

As in 

Le u Ty r 

P he u 

Ty r G 1 u. 
40 

Ty r S er 

e. 

L. eu. A 1 a 

P e A a 

As p 1 e 

Thr L. eu 
3 is 

eu G in 

Ser His 

Th r A sp 

Wa P e 
200 

e T. r 

A la I le 

Pro 
28 0 

e Me t 
2 9 5 

As p Pro 

Thr Arg 

L. eu Thr 

G u As in 
3 60 

G Phe 
37 is 

Le u G in 

A rig L. eu 

Ty r V a 

5,424,410 
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Pr 

Pro 
25 

Gl in 

As in 

wa. 1 

A a 
1 O 5 

P he 

r 

As in 

Gly 

e 

A 1 a 

Thr 
2 6 S 

T. r 

A sp 

Arg 

L. eu 
3 4 5 

Gly 

Ser 
O 

As p 

L. eu 

A 1 a 

P 
9 O 

Le 

G 

A 1 a 

T. r 

I e 

Gy 

Ser 
2 is 0 

I e 

As p 

L. eu 

As in 

As a 

Wa 

A 1 a 

Le u 

e 

G in 
7 5 

G u 

As in 

A a 

A a 
155 

P e 

L. eu 

Pro 
235 

Ple 

L. eu 

H is 

As in 

Gly 

L. eu 
395 

G 1 a 

Pro 

G ly 

A 1 a 
6 O 

Thr 

e 

Me t 

Glu 
1 4 0. 

A 1 a 

As in 

As in 

A 1 a 
220 

As p 

Cys 
3 O 0 

P 

Ser 

Thr 

A 1 a 

Pro 
3. 80 

Tr p 

Le u 

Ser 

Ty r 

T 

As in 
4 S 

As p 

Gly 

H is 

5 

G 

A rig 

T 
205 

Ser 

T 

Wa 1 

Se 
285 

eu 

Pro 

P he 

Ser 

A 1 a 

Pro 

Se 

As in Wal 

G in A 1 a 
30 

Le u G 1 u 

Wa 1 Le u 

Wa As in 

e Phe 
95 

Tr Phe 

Tyr G 1 in 

Va Arg 
1 75 

As n Sle r 
9 O 

A a As p 

Met H is 

A s p Ser 

As p I e 
255 

P e Gin 
27 0 

Phi e A a 

A s p Phe 

G 1 y Ser 

I e A sp 
3 SO 

Pro As in 

Trip Arg 

e G 

A 1 a Wa 
4 S 

As a Pro 

L. eu 
15 

T. r 

Lys 

Lys 

P 

e 

Le u 

See 
1 60 

Phe 

Lys 
2 4 O 

A a 

T 

Pro 

A 1 a 

Wa 
40 O 

1 e 
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4 29 

I le G l n I e As in Met 
4 35 

G l y Trp As in Th r A sm 

Le u G in Arg A s p G 1 y 
4 6 5 

A 1 a. A s p Thr I i e Tyr 
4 8 S 

Tyr G 1 y Thr Pro Tyr 
5 O. O. 

A a Le u Val G y Val 
5 15 

I le G 1 in Pro As p : g 
P he A a Ser 
5.45 

G L y S 

G 1 y A 1 a. As in A a Me t 
5 65 

1 e Thr As in Wa 1 Thr 
58 0 

Ser As n A s p As n Thr 

As n Pro II e Phi e G 1 in 

Thr Gil y V a G in G 1 y 
625 

Th r Th r A s p As n Ser 
6 4.5 

Val His Le u Thir As in 
6 6. 0 

G 1 u Ph e Va. 1 Pro I e 
6 75 

Ser Tyr Thr Thr G 1 y 
69 O. 

G y Arg Th r Thr Pro 
725 

Thr As n Ty r A s p Thr 

Phi e Thr As in Th r Le u 
75 s 

Val G 1 g Ser G 1 y Le u 

Thr As in As in As n Sle r 
7 8s 

G 1 in As in A s p Le u G 1 u 
8 OS 

Ser As in Thr G 1 m As p 
8 2 O 

Glu G 1 u Wa 1 Wa 1 Le u 
83 S 

Lys G 1 u Lys Lys Thr 
8 5 O 

As p 

Thr 
4 70 

Ser 

G 1 in 

Sle r 

G 1 u 

Ty r 
550 

Ly is 

As in 

G 1 in 

A 1 a 
63 0 

P he 

G in 

Ser 

G 1 in 

G 1 u 

His 

As in 

A 1 a 

Thr 

Met 
4. 55 

Arg 

Le u 

Thr 

Thr 

is 35 

G 1 y 

Le u 

Gly 

Wa 1 

As in 

Thr 

Gly 

G 1 u 

A 1 a 
695 

Ser 

Thr 

I e 

Gly 
77 5 

Sc 

I e 

Le u 

Wa 

Tr p 
4 40 

Arg 

L. eu 

Pro 

P ro 
520 

G 1 y 

Gly 

G 1 u 

Phe 
6 00 

As in 

Gly 

Va 

Ser 
6 8 O 

As in 

A 1 a 

As p 

I e 

7 60 

Ser 

G y 

Thr 

A 1 a 

5,424,410 

-continued 
4 25 

Lys 

Gly 

Ser 

A a 

As in 

Thr 

Ty r 
585 

P he 

Phe 

Va. i 

S e r 
6 65 

As p 

Pro 
7 45 

Gly 

Thr 

Thr 
8 25 

A 1 a 

Phe 

Thr 

Ser 

A 1 a 

T. r 
490 

G 1 u 

Wa 

Wa 

As in 

A 1 a 

As p 

Thr 

e 

T. r 

A 1 a 
7 30 

I 1 e 

1 e 

G 1 y 

Ser 

Wa 

Pro 

Wa 

A 1 a 

Ser 

G 

I e 

Va. 1 

Wa 
63S 

Pro 

Wa 

Va 

Pro 

g i 

Wa 

Ser 

Pro 
7 95 

Va. 1 

Wa 

Ser 

As in 

Pro 

Ser 
4 6 O 

Me t 

T. r. 

Thr 
S 40 

Thr 
6 20 

Wa 

A 1 a 

P he 

Th 

A 1 a 
7 00 

As in 

Ser 

As p 

G 1 in 
8 6. 0 

G 1 n 
4 45 

G 1 y 

G 1 y 

Le u 

Gly 

Le u 
525 

Me t 

G u 

I e 

Thr 
6 O 5 

Va. 1 

e 

Me t 

Ser 

Ser 

A 1 a 

As p 

G 1 u 
8 45 

A 1 a 

43 O. 

Gly 

Le u 

G 1 y 

Ser 

H is 
S O 

Pro 

G y 

Tr p 

G 1 y 

Thr 

A 1 a 

Ser 

P 

Pe. 

H is 
8 3 O 

Wa 

Lys 

42 

A a 

Ser 

G 1 y 

Tyr 
495 

Va. 1 

As in 

Phc 

Le u 

I 1 c 
5 75 

G 1 y 

As n 

e 

Pro 

I e 

Phe 
7 35 

As p 

Phe 

Arg 

Ser 

P he 

Phe 
48 0 

Gly 

1 e 

P o 

As n 
5 60 

Pro 

A 1 a 

A a 

A 1 a 
6 40 

As m 

I e 

As in 

L. eu 

Thr 
7 20 

Phe 

P he 

G u 
800 

Thr 

e 

Gly 

Le u 
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Ser Lys A a A rig As n Le u L. eu Val G 1 y G 1 y As n Phe Asp As n L. eu. As p 
8 65 8 70 8 75 8 80 

A 1 a Trip Tyr Arg G 1 y Arg As n Val Val As n V a Ser As n H is G 1 u L. eu 
85 8 90 895 

Le u Lys Ser Asp H is V a 1 Le u Le u Pro Pro Pro G 1 y Leu Ser Pro Ser 
9 O O 9 05 9 10 

Ty r I 1 e Phe G l n Lys V a 1 G 1 u G 1 u Ser Lys L. eu Lys Arg As n Thr Arg 
9 5 9 20 9 2 5 

Ty r Thr Val Ser G 1 y Phe I le A1 a His A a Thr As p Le u G 1 u I le V a 1 
9 30 9 3 S 9 40 

V a 1 Ser Arg Tyr G 1 y G 1 n G 1 u I 1 e Lys Lys V a 1 V a 1 G in V a 1 Pro Ty r 
9 45 950 955 9 6 O 

G 1 y G 1 u A 1 a Phe Pro Le u Thr Ser Ser G 1 y Pro Val Cys Cy s I } e Pro 
9 65 9 7 9 9 75 

His Ser Thr Ser As in G 1 y Thr Le u G 1 y As n Pro His Phe Phe Ser Ty r 
9 8 0 9 85 9 90 

Ser I le Asp va 1 G i y A la L. eu A s p Val Asp Thr As in Pro G 1 y I le G 1 u 
995 00 0 1 0 O 5 

P he G 1 y Le u Arg I le Val As n Pro Thr G 1 y Met A la Arg V a 1 Ser As in 
1 0 1 0 1 0 5 1 O 2 0 

Le u G 1 u II e Arg G 1 u A s p Arg Pro Leu A la A la As n G 1 u I 1 e Arg G 1 in 
1 O 25 1 O 3 O 1 0 35 1 O 40 

Va I Gil n. A rig V a 1 A 1 a. A rig As n Trp Arg Thr G 1 u Tyr G 1 u Lys G i u Arg 
O 45 OS 0 05 5 

A 1 a G 1 u Val Thr Ser Le u I le G l n Pro V a 1 I 1 e As in Arg I le As n Gly 
O 6 O 1 0 65 1 O 7 0 

Le u Ty r A s p As n Gly. As in Trp As n G 1 y Ser I 1 e Arg Ser Asp I i e Sier 
1 0 35 1 08 0 0 85 

Tyr G 1 n As n I i e A s p A la I le V a 1 Le u Pro Thr Le u Pro Lys Le u Arg 
O 9 O 095 1 1 00 

His Trip Phe Me t Ser Asp Arg Phe Ser G 1 u G 1 in G 1 y Asp I e Met A 1 a 
1 1 O 5 1 1 0 1 15 20 

Lys Phe G 1 n G 1 y Al a Le u As in Arg A 1 a Ty r A 1 a G 1 in Le u G 1 u G 1 m Asn 
1 2 5 3 0 1 35 

Th r Le u Le u H is As n G 1 y H is Phe Thr Lys As p A 1 a. A 1 a. As a Trp Thr 
1 1 4 0 1 145 1 1 SO 

V a 1 G i u G y A s p A a H is Gl in Val Val Le u G 1 u A s p G 1 y Lys Arg Val 
1 15 s 1 60 1 65 

Le u Arg Le u Pro A s p Trip Ser Ser Ser Val Ser G 1 in Thr I I e G 1 u I le 
50 1 75 80 

G 1 u As in Phe A s p Pro A s p Lys G i u Tyr G n Le u v a 1 Phe H is Gl y G 1 in 
1 8 S 1 19 O 1 1 95 200 

G 1 y G 1 u G 1 y Thr Val Thr Le u G 1 u H is G 1 y G 1 u G 1 u Thr Lys Ty r I 1 e 
205 1 2 0 2 1 S 

G 1 u Thr H is Thr H is H is Ph. e. A 1 a. As in Phe Thr Thr Ser G in Arg G 1 in 
1 22 O 22 S 1 2 3 0 

G 1 y Le u Thr P he G 1 u Ser As n Lys V a 1 Thr V a 1 Thr I 1 e Ser Ser G 1 u 
1 2 3 S 1 2 4 O 1 2 4 5 

As p G y G 1 u Ph e L. eu Val As p As n I le. A 1 a Le u Val G 1 u A 1 a Pro Le u 
25 0. 1 2 55 2 60 

Pro Thr Asp A s p G 1 m As n Ser G 1 u Gly. As n Thr Al a Ser Ser Thr As n 
1 2 65 127 0 1275 1 2 80 

Ser A s p Th r S er Met As in As in As in G 1 in 
1285 
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( 2) INFORMATION FOR SEQID NO:5: 

( i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 3771 base airs 
(B) TYPE: nucleic acid 
(C) STRANDEDNESS: double 
(D) TOPOLOGY: linear 

( i i ) MOLECULETYPE: DNA (genomic) 

( i i i ) HYPOTHETICAL: NO 

( i v ). ANTI-SENSE: NO 

( v i ) ORIGINAL SOURCE: 

( v i i ) IMMEDIATE SOURCE: 

( i x ) FEATURE; 

(A) ORGANISM: Bacillus thuringiensis 
(C) INDIVIDUALISOLATE: 33f2 

(A) NAME/KEY: misc feature 
(B) LOCATION: 4.24 
(D) OTHER INFORMATION:/function="oligonucleotide 

hybridization probe" 
/ products"GCA/T ACA/T TTA AAT GAA GTA/T TAT" 
v standard name="probe a' 
M notes'Probe A' 

( i x ) FEATURE: 
(A) NAMEMIKEY: misc feature 
(B) LOCATION: 13.33 
(D) OTHER INFORMATION:/function="oligonucleotide 

hybridization probe" 
/ product="AAT GAA GTA/T TAT CCAMT GTA/TAAT” 
M standard names'Probe B' 
v labels probe-b 
/ notes."probe b" 

( xi ) SEQUENCE DESCRIPTION: SEQID NO:5: 

ATGG CTA CAC 

CAACAATTAG 

AAAAAATGGA 

ACTACAGGAG 

ATC CTGAAG 

AAAATATTTG 

GAAG CATTAA 

GACA GT CTTC 

A CAG CAAAAA 

ATT C CAGAAG 

ATA TTATTGT 

GTAGACA CAC 

AAAG CATTCT 

AAAG CAAATT 

ACTTTCGATC 

TCTCCAATTT 

AG CGAT CAT 

AA CGATGGC 

A C CAGAAA 

AGAGGCT. CTT 

TTAATGAAGT 

ATACAA CAGG 

AAAAAGGGGC 

AAATTGACCC 

TTGGTACTGT 

GAGATAAAcc 
TT CAA CAAGA 

AGAAAACAAT 

CG CAA CTCGA 

GATATGAAAC 

TAAGAGA CGC 

ATAAAAAATA 

TAAATGGACT 

ATATTAAAGG 
CAGAT CATTA 

ACCAAC CTGT 

TT CACTAT CA 

TTG CAAAAAT 

CATAC CATGT 

CAAATCCGAT 

ATATCCTGTG 

TTTAAAAGT 

AAAAG GAAAA 

TTTAAATGTA 

GGCCT CTGCA 

AAATG CAAAA 

TATAACAAAC 

TAATCTATAT 

AAATCTAAAT 

TGGAGGTTTA 

TATA GT TAAT 

TATCAA AATG 

TGACAAATTT 

TATGACAGAA 

TCAAAAAGAA 

A CCTAAAAAC 

AGGAGAT CT 

TTTT ACTGGT 

AGATTTTAGT 

TCCAATTGAT 

5,424,410 

-continued 

(B) CLONE: E. coli NM522(pMYC 2316) B-18785 

AATTATAATG 

AAATATGATG 

GACCTTTTAG 

ATTAAAG GTG 

GCAAGTACTA 

AATATATTTG 

TATCAAGATG 

A CAG TAG CTA 

TCTATACTTA 

CCTTATTATG 

GCAGAGAAAT 

ACAAT ACACA 

AAGAGTTTAG 

ATGGTTCTTG 

GTAGAAATTG 

ATG CAAAATA 

GTAAAATTAG 

ATTCGAAACA 

TATAAA CCC 

CTTAATAATC 

TAT TAT cTC 

AAATGATAAA 

ATGTTGCATG 

TTTTAT cTGT 

TT GTAAGTTT 

AAGAG. CT CAA 

CAATTAAT CA 

TAGATAACAA 

CCT CAGATAT 

CTATGGTTGC 

TAGGCTTTAG 

ATCATA CGA 

ATGTAAATAG 

ATCTAGTTGC 

AATTTACAAG 

CCT CTAGCTC 

AATTTTCTAC 

CATT CTACAA 

AACTAGTGG 

CCATTATTTC 

TGATGCTTTT 

AG CATTCGAA 

GA CTTATATA 

ATTAACTTTA 

TATTTGGCCT 

GCCT CAAATT 

AAAAAAATTT 

TGATTACGTA 

CTCCATATTT 

TAATGCT CAT 

TGATAAAGAA 

AG CA GTAATA 

CTATAATAAA 

TCTATGGCCA 

AACTATTT CT 

TATTGTAC CT 

AAGAACGGAC 

ATCGCCTAAT 

TAATATTCA 

AACTTGTATT 

6 0. 

20 

8 0 

2 4 0 

3 O O 

3 60 

4 20 

4 80 

5 4 0 

60 0 

6 60 

720 

7 8 0. 

8 40 

9 O 0 

9 60 

1 O 2 0. 

O 80 

4 0 

12 O 0. 



5,424,410 
47 48 

-continued 

AGAAATTCAT TTTATAAGGC AATAG CGGGA TCTTCTGTTT TAGTTAATTT TAAAGATGGC 1 260 

Act cAAGGGT ATGcATTT GC ccAAG caccA ACAGGAGGTG ccTGGGAccA TT CTTTTATT 1 3 2 O 

GAATCTGATG GTG CCCCAGA AGGGCATAAA TTAAACTATA TTTATACTTC T C CAGGTGAT 1 380 

A CATTAAGAG ATTT CATCAA TGTATATACT CTTATAAGTA CTCCAACTAT AAATGAACTA 440 

TCAA CAGAAA AAATCAAAG G CTTTCCTGCG GAAAAAGGAT ATAT CAAAAA TCAAGGGATC 1 500 

ATGAAATATT ACGGTAAACC AGAATATATT AATGGAGCTC AACCAGTTAA TCTGGAAAAC 5 60 

CAG CAAA CAT TAATATTCGA ATTTCATGCT T CAAAAACAG CT CAAT ATAC CATT CGTATA 620 

CGT TATGCCA GTACCCAAGG AACAAAAGGT TATTTTCGTT TAGATAAT CA. GGAACTG CAA 1 680 

A CGCTTAATA TAC CTA CTTC ACA CAA CGGT TATGTAACCG GTAATATTGG TGAAAATTAT I 74 0 

GATT TATATA CAATAGGTTC ATATA CAATT ACAGAAGGTA ACCATA CTCT T CAAATCCAA 18 00 

CATAATGATA AAAATGGAAT GGTTTTAGAT CGTATTGAAT TTGTTCCTAA AGATTCACTT 18 60 

CAAGATTCAC CT CAAGATTC ACCTCCAGAA GTTCACGAAT CAA CAATTAT TTTTGATAAA 9 20 

TCATCTCCAA CTATATGGTC TTCTAACAAA CACTCATATA G CCATATA CA TTTAGAAG GA 1980 

TCATATA CAA GT CAGGGAAG TATCCA CAC AATTATTAA TTAATTTATT TCA C CACA 20 40 

GAccct AACA GAAATCATAC tatt catgtt AACAATGGTG Atat GAATGT TGATTATGGA 2 1 00 
AAAGATT CT G T AGCCGATGG GTT AAATTTT AATAAAATAA CTG CT ACG AT ACCAAGTGAT 2 1 60 

GCTTGGTATA GCGGTACTAT TACTT CTATG CACTTATTTA ATGATAATAA TTTTAAAACA 22 20 

ATAACT C CTA AATTTGAACT TT CTAATGAA TTAGAAAACA TCACAACT CA AG TAAA T G CT 22 80 

TTATTCGCA CTAGTG CACA AGATAC CT C GCAAGTAATG TAAGTGATTA CTGGATTGAA 2 3 4 0 

CAGGTCGTTA TGAAAGTCGA TGCCTTATCA GATGAAGTAT TTGGAAAAG A GAAAAAAG CA. 2 400 

TTA CGTAAAT TGGTAAATCA AG CAAAA CGT CTCAGTAAAA. TACGAAATCT TCT CATAGGT 2 4 60 

GGTAATTTT G ACAATT TA GT CGCTTGGTAT ATGGGAAAAG AT G TAGTAAA AGAATCGGAT 2 5 20 

CATGAAT TAT TTAAAAGTGA TCATGT CTTA CTAC CTCCCC CAA CATT CCA TCCTT CTTAT 258 0 

ATTTTCCAAA AGGTGGAAGA ATCAAAACTA AAACCAAATA CACGT TATAC TATTTCTGGT 2 6 40 

TTTATCGCAC AT GGAGAAGA T G TAGAG. CTT GTTGT CTCTC GT TATGGGCA AGAAAACAA 27 00 

AAAGTGATGC AAGTG CCATA TGAAGAAGCA ct tcct citta CATCTGAATC TAATTCTAGT 27 60 

TGTTGGTTC CAAATTTAAA TATAAATGAA ACACTAG CTG ATCCA CATTT CTTTAGTTAT 2 82 0 

AG CAT CGAT G TTGGTTCTCT GGAAATGGAA GCGAAT CCTG GTATTGAATT TGGTCCCGT 2 880 

ATTGT CAAA C CAA CAGGTAT GGCAC GT GTA AGTAATAG AAATTCGAGA AGA CCGTCCA 29 40 

TTAACAG CAA AAGAAATTCG TCAAGTACAA CGTG CAG CAA GAGATTGGAA ACAAAACTAT 3 000 

GAACAAGAAC GAA CAGAGAT CACAGCTATA ATTCAAC CTG TT CTTAATCA AATTAATGCG 3 06 0 

TTATA CGAAA ATGAAGATTG GAATGGTTCT ATTCGTT CAA ATGTTTCCTA TCATGATCTA 3 1. 20 

GAGCAAATTA TG CTTCCTAC TTTATTAAAA ACTGAGGAAA TAAATTGTAA TTATGATCAT 3 180 

CCAGCTTTTT TATTAAAAGT ATATCATTGG TTTAGACAG ATCGTATAGG AGAA CATGGT 3 2 40 

ACTATTTTAG CACGTTTCCA AGAAG CATTA GATCGTG CAT ATACACAATT AGAAAGTCGT 33 00 

AATCTCCTGC ATAACGGT CA TTTTACAACT GATA CAG CGA ATTGGACAAT AGAAGGAGAT 3 3 60 

GCC CATCATA CAATCTTAGA AGATGG TAGA CGTGTGTTAC GTTTACCAGA TTGGT CTTCT 3 420 

AATG CAA CTC AAACAATTGA AATTGAAGAT TTTGACTTAG ATCAAGAATA CCAATT GCTC 3480 

ATTCATG CAA AAGGAAAAGG TTC CATTACT TTACAA CATG GAGAAGAAAA CGAATATGTG 3 540 

GAAACACATA CT CATCATAC AAATGATTTT ATAA CATCCC AAAATATTCC TTTCACTTTT 3 600 

AAAGGAAATC AAATTGAAGT CCATATTACT TCAGAAGATG GAGAGTTTTT AATCGAT CAC 3 660 
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50 

ATTACAG TAA TAGAAGTTTC TAAAACAGAC ACAAATACAA ATAT TATTGA AAATTCAccA 
ATCAATA CAA GTATGAAT AG TAATGTAAGA GT AGATATAC CAAGAA GT CT C 

(2) INFORMATION FOR SEQID No:6; 
( i ). SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 1425 base pairs 
(B) TYPE: nucleic acid 
(C) STRANDEDNESS: double 
(D) TOPOLOGY: linear 

( i i ) MOLECULETYPE: DNA (genomic) 

( i i i ) HYPOTHETICAL: NO 

( i v )ANTI-SENSE: NO 

( v i ) ORIGINAL SOURCE: 

( v i i ). IMMEDIATE SOURCE: 

( i x ) FEATURE: 
(A) NAME/KEY: mat peptide 
(B) LOCATION: 1.1425 
(D) oTHER INFORMATION: Mproduct="OPEN READING FRAME OF 

MATURE PROTEIN' 

( xi ) SEQUENCE DESCRIPTION: SEQED NO:6: 

ATGATTATTG 

AATTCTAATA 

AAACAAGAAT 

GAACAACAAT 

TCT CAATTAT 

TTATAT CCTT 

GGTGAT CCTT 

A GT GATA 

CGA T G T G GTA 

A CAT CTTTAG 

CAAAAA CGTT 

GCT CAAAAG 

AAAG CTGAAC 

GGATTTGTTG 

GATGAGATAA 

ATAGGAATGT 

G CAATAAAG 

AATCT AGAA 

ATTGAACTTG 

ACA CAAATG 

TCATGTAATT 

ATGA CAT CAA 

TTAT CAAGAA 

TATAATAATT 

ATAGTAAAAC 

AGAAATA TGG 

GGG CTA CGAT 

TAAGAA CACA 

A TGA T G TA 

TAATTATAA 

CAT TAAGAA 

ATAATC CGA 

TTTTAATTAA 

AT CAATTTTT 

TAAAAGAAGT 

AGT TATTAGA 

AAGATTAGA 

TTTATGAAAT 

AGAAACAATT 

TAAATAGTAT 

TTTTCCAAAA 

CAAC GT CGTT 

AGGA CGCTTC 

CTATT CAAC 

GTT CAA CAA C 

ATCAA TATAT 

ATAGTAATTT 

CGGATTGGTA 

GACTTTAC CT 

TCCTGG T GAT 

TGGAG CATAT 

TGTTAATTTA 

TTGTTCT GAT 

ATCTG CTAAT 

AGATGGA TAT 

TGAGAG. CA 

AGAAGCTAAA 

A CATGGTGAT 

T CAAA CAG CT 

AAAAGTAAAA 

GAAAAAAGA 

TCTGAAAAT 

AGATT CTG CT 

TAATA CAGAT 

GTTACAAGGT 

ACAAGAAGTT 

TGATG CTTGG 

TAAA GTAGA 

AAATATGACA 

GATTTCACAT 

AGAA TATAAA 
TAATAATTCG 

(A) ORGANISM; BACILLUS THURINGIENSIS 
(C) INDIVIDUALISOLATE: PS52Al 

(B) CLONE: E. coli NH522(pMYC 2321) B-18770 

AGA CATT CAC 

A TGA CTAATG 

ATTCAGA CG 

A GT CAGGATA 

AAAACTT CAG 

GATATTG CTT 

TTTAAAAAAT 

ATAG CTAAAG 

CAA TATGAAG 

CAGAAAAAAT 

CTTAAT CAAG 

AATTTAAAAA 

GAA TATAGTT 

ACTGCTGTTC 

CAG CAT GATT 

ATGATAATT 

ATTTGGG cTA 
CAAGATT CTG 

TTAGTTGTGG 

CAAAATTAC 

T CAAATCAAT 

GAA. TATA CAA 

TGT C CTGAAA 

GATTGGTATA 

TTATTCATAC 

GAAATCAA TT 

GATTAGGTTT 

TAT CAATAC C 

CAGAATGGTG 

CATA TGGTTT 

TG CAAGAT GA 

CTATTAAAGA 

AAG CTG CAAA 

TAGAAG GTGT 

CCCATGGGGA 

CAA CATTAGA 

TT CTATTAGG 

AG CATATAAA 

TGGATAGAGA 

TATATA GT CA 

CTATTGGAGC 

A T GAT G. CTGA 

CT CAAGAAGC 

CGATAATGT 

ACAGTAATCC 

GTTTAC CAAA 

ATAATTTTAT 

ATAAT 

AATTAAATTA 

TATTATTT CA 

A CCA GTAAA 

TAGTGATTTT 

GAATAAAAAT 

TAAA GT TG CT 

ATTAGATAAT 

TTAAA G CG 

AAATATTGTA 

TATCAA TATT 

AAGTA GT C CA 

AAGGA CTATT 

A CCATTGTA 

AAAT CAAATT 

TGTTAAAATT 

AGGACAAGAA 

T CAAAT AGAA 

GAGATA CAA 

TCGTGATTTT 

TATAT CAGA 

AACAACAAAT 

TAATTTTATG 

GATATATTGG 

3 20 

37 7 

6 0 

1 2 O 

1 8 O 

2 4 0. 

3 O 0 

3 60 

4 20 

48 0 

S 40 

6 00 

6 60 

7 20 

7 80 

8 4 O 

9 O 0 

9 60 

1 O 2 0 

1 O 80 

1 4 O 

1, 200 

1 260 

1. 3 2 O 

3 80 

425 
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(2) INFORMATION FOR SEQID No.7 (PS52A1): 
(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 475 amino acids 
(B) TYPE:amino acid 
(C) STRANDEDNESS: single 
(D) TOPOLOGY: linear 

( i i ) MOLECULETYPE: protein 

( i i i ) HYPOTHETICAL: YES 

( i v ). ANTI-SENSE: NO 

( v i ) ORIGINAL SOURCE: 
(A) ORGANISM: BACILLUS THURINGIENSIS 
(C) INDIVIDUALISOLATE: PS52Al 

( v i i ). IMMEDIATE SOURCE: 
(B) CLONE: E. coli NM522(pMYC 2321) B-18770 

( i x ) FEATURE; 
(A) NAME/KEY: Protein 
(B) LOCATION: 1.475 

( xi ) SEQUENCE DESCRIPTION: SEQID NO:7: 

Me t I 1 e I l e A s p Ser Lys Thr Thr Le u Pro Arg H is Ser Le u I i e H is 
s 1 O 5 

Thr I e Lys Le u As n Ser As n Lys Lys Tyr Gl y Pro G 1 y A s p Me t Thr 
20 25 3 0. 

As in G 1 y As n G 1 in Phe e I le Ser Lys G in G 1 u Trip A la Thr I le G 1 y 
35 4 0. 4 S 

A 1 a Ty r I le G 1 n Thr G 1 y Le u G 1 y Le u Pro V a As in G 1 u G 1 in G 1 in Le u 
SO 55 6 O 

Arg Th r H is Val As in Leu Ser G 1 in Asp I le Ser I le Pro Ser Asp Phe 
6S 7 0 7 5 

Ser G 1 in Le u Ty r A s p V a 1 Tyr Cy s Ser A s p Lys Thr Ser Al a G 1 u T r p 
85 90 95 

Trp As in Lys As n Le u Tyr Pro Le u 1 e I 1 e Lys Ser A a As in Asp I e 
O O 1 05 1 1 0. 

A 1 a Ser Tyr G 1 y P he Lys Val Al a G y A s p Pro Ser I le Lys Lys As p 
1 S 1 2 O 125 

G l y Tyr Phi e Lys Lys Le u G 1 in A s p G 1 u Le u A s p As n I 1 e V a 1 A s p As n 
30 35 1 4 0 

As n Ser A s p A s p A s p A a e A1 a Lys A 1 a 1 e Lys Asp Phi e Lys A a 
1 45 1 5 O 155 6 O 

A rig Cys Gly I e Le u I le Lys G 1 u A 1 a Lys G 1 in Tyr G 1 u G 1 u A 1 a. A 1 a 
6S 1 70 17 5 

Lys As n I 1 e Val Thr Ser Leu As p I n Phe Le u H is G 1 y As p G 1 n Lys 
80 85 19 O 

Lys L. eu G 1 u G 1 y V a I le As n I e G l n Lys Arg L. eu Lys G 1 u Val G 1 in 
95 20 O 2 O 5 

Th r A 1 a Le u As n G 1 in Al a His G 1 y G 1 u Se r S er Pro A1 a His Lys G 1 u 
2 O 2 220 

L. eu Le u G 1 u Lys V a y s As n Le u Lys Th r Thr Le u G 1 u Arg Thr I le 
225 2 1 0 2 35 2 4 0 

Lys A a G u G 1 m. As p Le u G 1 u Lys Lys V a 1 G1 u Tyr Ser Phe Le u Le u 
24 S 250 2 S 5 

G l y Pro Le u Le u G 1 y P he Val Va Tyr G 1 u e Le u G 1 u As n Th r A 1 a 
2 60 2 65 27 0 

Val G l n H is I e Lys As in G 1 in I le A s p G 1 u II e Lys Lys G 1 in Le u As p 
275 8 O 285 

Ser A 1 a G 1 in H is A s p L. eu. As p Arg A s p V a 1 Lys I le I 1 e G 1 y Met Le u 
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29 O 2 9 5 3 O 0 

As n Ser I le. As n Th r A s p I e A s p As n Le u Tyr Ser G 1 in G y G in G 1 u 
3 O 5 3 O 3 15 32 0 

A la I l e Lys V, a 1 P he G 1 n Lys Le u G 1 in G 1 y I i e Trip A 1 a. Thr I le G ly 
3 2 5 33 0 35 

A l a G 1 in I I e G 1 u As n Le u Arg Th r Thr Ser Le u G l n G 1 u V a 1 G 1 m As p 
34 O 3 4 5 35 0 

S e r A s p A s p A 1 a. A s p G 1 u I le G | n I e G 1 u Le u G 1 u A s p A 1 a Ser As p 
3 SS 3 60 3 6s 

A 1 a Trip L. eu Val Val Al a G 1 n Glu A 1 a. A rig Asp Phe Thr Le u As n A 1 a 
3 70 37 5 3 80 

Ty r S e r Thr As n Ser Arg G 1 in As a Le u Pro I e As n V a 1 I i e Ser As p 
3 S 39 O. 39 5 4 0 (0. 

Ser Cys As n Cys Ser Thr Thr As in Met Th r Ser As in G in Tyr Ser As in 
4 OS 4 1 0 4 15 

Pro Th r Thr As n Met Thr Ser As n G 1 n Tyr Me t I le Ser H is G i u Tyr 
4 20 42 S 43 0 

Thr Ser Le u Pro As n As n Phe Met Leu Se r A rig As n Ser As n Le u G 1 u 
4 35 4 4 0 4 4 5 

Ty r Lys Cys Pro G 1 u As in As n Phe Me t I i e Tyr Trip Tyr As n As n Sle r 
45 0. 4. 55 4 6 0. 

A s p Trip Ty r A sm As n Ser A s p Trip Ty r A s in As in 
4 6 5 4 O 475 

( 2) INFORMATION FOR SEQID NO:8: 

( i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 1185 base pairs 
(B) TYPE: nucleic acid 
(C) STRANDEDNESS: double 
(D) TOPOLOGY: linear 

( i i ) MOLECULE TYPE: DNA (genomic) 

( i i i HYPOTHETICAL: NO 

( i v ). ANTI-SENSE: NO 

( v i ) ORIGINAL SOURCE: 
(A) ORGANISM: BACILLUS THURINGIENSIS 
(c) INDIVIDUALISOLATE: PS69D1 

( v i i ). IMMDIATE SOURCE: 
(B) CLONE: E. coli NMS22(pMYC2317). NRRL B- 18816 

( i x ) FEATURE: 
(A) NAME/KEY: mat peptide 
(B) LOCATION: 1..I185 

( x i ) SEQUENCE DESCRIPTION: SEQID NO:8: 

ATGATTTTAG GGAATGGAAA GACTT TACCA. AAG CATATAA GATTAG CT CA. TATTTTTG CA 6 O . 

ACACAGAATT CTTCAGCTAA GAAAGACAAT CCT CTTGGAC CAGAGGGGAT GGTTACT AAA 12.. O 

GACGGTTTTA TAATCT CTAA GGAAGAATGG GCATTT GTGC AGGCCTAT G T GACTACAGGC 80 

ACTGGTTTAC CTAT CAATGA CGATGAGATG CGTAGA CAT G TGGGTTACC ATCACGCATT 24 O 

cAAATT ccTG ATGATTTTAA TCAATTATAT AAGGTTTATA ATGAAGAT AA ACATT TATGC 3 O 0 

AGTGGTGGA ATGGTTTCTT GTTTC CATA GTT CTTAAAA CAGCTAATGA TATTT CCGCT 3 60 

TACGGATTA AATGTG. CTGG AAAGGGTGCC ACTAAAGGAT ATTATGAGGT CATG CAAGAC 4 20 

GATG TAGAAA ATATTT CAGA TAATGGTTAT GATAAAGTTG CACAAGAAAA AG CACATAAG 48 0 

GAT CTG CAGG co CGTTGTAA AAT CCTTATT AAGGAGGCTG AT CAATATAA, AG CTG CAGCG S 40 

GATGATGTTT CAAAACATTT AAACA CATTT CTTAAAGGCG GT CAAGATTC AGATGG CAAT 60 0 

5,424.410 
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GATGTTATTG GCGTAGAGGC TGTT CAAGTA CAACTAG CAC AAGTAAAAGA TAAT CTTGAT 6 60 

GGCCTATATG GCGACAAAAG CCCAAGACAT GAAGAGTTAC TAAAGAAAGT AGA CGACCTG 720 

AAAAAAGAGT TGGAAGCTGC TATTA&AGCA GAGAATGAAT TAGAAAAGAA AGTGAAAATG 7 80 

AGTTTTGCTT TAGGACCATT ACTTGGATTT GTTGTATATG AAATCTTAGA GCTAACTGCG 84 O 

GT CAAAAGTA TACA CAAGAA AGTTGAGGCA CTACAAG CCG AG CTGACAC TG CTAATGAT 9 00 

GAACT CGACA GAGATGTAAA AAT CTTAGGA ATGATGAAA G CATGACAC GATATTGAC 9 60 

AACATGTTAG AG CAAGGTGA G CAAGCTCTT GTTGTATTTA GAAAAATTGC AGGCATTGG 1 O2 0 

AGTGT TATAA GT CTTAATAT, CGG CAATCTT CGAGAAA CAT CTTTAAAAGA. GATAGAAGAA 1 0 80 

GAAAATGA T G A CGATG CACT G TATATTGAG CTTGGTGA TG CCGCTGGTCA AGGAAAGAG 1 1 4 0. 

ATAG CCGAGG AGG CACAATC CTTT G TACTA AATG CTATA CTCCT 185 

( 2) INFORMATION FOR SEQID NO:9: 

( i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 395 amino acids 
(B) TYPE: amino acid 
(C) STRANDEDNESS: single 
(D) TOPOLOGY: linear 

( i i ) MOLECULE TYPE: protein 

( i i i ). HYPOTHETICAL: YES 

( i v ). ANTI-SENSE: NO 

( v i ) ORIGINAL SOURCE: 
(A) ORGANISM: BACILLUS THURINGIENSIS 
(C) INDIVIDUALISOLATE: PS69D1 

( v i i ) IMMEDIATE SOURCE: 
(B) CLONE: E. coli NM522(pMYC2317). NRRL B-18816 

( i x ) FEATURE: 
(A) NAME/KEY: Protein 
(B) LOCATION: 1.395 

( xi ) SEQUENCE DESCRIPTION: SEQID NO:9: 

Me t I i e Le u G y As in G y Lys Thr Le u Pro Lys His Il e Arg Le u A 1 a 
1 5 0 15 

His I le Phie A a Thr G 1 n As n Ser Ser A a Lys Lys A. s p As n Pro Le u 
20 25 30 

G 1 y Pro G 1 u G 1 y Met V a 1 T hr Lys A s p G 1 y Phe I le I le Ser Lys G 1 u 
35 40 4 S 

G 1 u T r p A 1 a P he V a 1 G1 n Al a Tyr Val Thr Thr G 1 y Thr G 1 y Le u Pro 
5 O SS 6 0. 

I 1 e A s in A s p A s p G i u Met Arg Arg H is V a 1 G1 y Le u Pro Ser Arg I le 
65 70 7 5 80 

G l n I le Pro A s p A s p Phe As in G l n Le u Tyr Lys Val Tyr As n G 1 u As p 
85 90 95 

Lys His L. eu. Cys Ser Trip Trp As n G 1 y P he Le u Ph e Pro Leu Va. 1 Le u 
1 0 O 1 05 1 O 

Lys Th r A 1 a. As n Asp I 1 e Ser A1 a Tyr G 1 y P he Lys y s A 1 a G y Lys 
1 15 1 20 1 2 5 

G l y A a Thr Lys G 1 y Tyr Tyr G 1 u Val Me t G 1 n A s p A s p V a 1 G1 u As n 
30 3 S 40 

I le S e r A s p As in G y Ty r A s p Lys V a A 1 a G 1 in G i u Lys A1 a His Lys 
4 S 1 SO 1 SS 60 

A s p L. eu G 1 m A a Arg Cys Lys I 1 e Le u I e Lys G u A 1 a. As p in Tyr 
16S 7 
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Lys A a A 1 a. A 1 a. As p A s p Wa 1 Ser Lys His L. eu As n Thr Phi e Leu Lys 

1 80 185 90 

G y G 1 y G 1 in Asp Ser As p G i y As n A s p V a I e G y Val G u. A 1 a val 
20 0 20 S 

G l n Val G. l n L. eu Al a G 1 n V a 1 Lys A s p As n Le u A s p G 1 y Le u Tyr Gly 
2 1 0 2 5 22 0 

As p Lys Ser Pro Arg H is G 1 u G 1 u Le u L. eu Lys Lys V a 1 A s p A s p L. eu 
225 2 30 2 35 240 

Lys Lys G 1 u Le u G 1 u A a A la I 1 e Lys Al a G 1 u As n G 1 u Le u G 1 u Lys 
2 4 5 250 255 

Lys Val Lys Met Ser Phe A1 a Le u G 
2 

y Pro Le u Le u G 1 y P he V a Val 
2 60 5 27 0 

Ty r G 1 u I le L. eu G 1 u Le u Thir Al a Va Lys Ser I 1 e His Lys Lys V a 1 
275 28 0 2.85 

G I u. A 1 a Le u G 1 in A1 a G 1 u Le u A s p Thr A a As in A s p G 1 u Le u A s p Arg 
29 0 2 9 5 3 O 0 

A s p V a 1 Lys I le Le u G y Met Me t As n Ser I 1 e A s p Thr Asp I i. e. As p 
3 05 3 10 3 15 3 20 

As in Met Le u G 1 u G 1 in G y Glu G in A1 a Le u Val V a Phe Arg Lys I e 
3 25 33 0 335 

A l a GI y I le Trp Ser V a 1 I le Ser Le u As n I le G 1 y As n Le u Arg G 1 u 
34 0 3 4 5 3 50 

Thir Ser Le u Lys G 1 u I le G 1 u G 1 u G 1 u As n A s p A s p A s p A 1 a Le u Ty r 
355 3 60 3 65 

I le G 1 u Le u G 1 y A s p A 1 a. A 1 a G 1 y G 1 in Trip Lys G 1 u I 1 e Al a G 1 u G 1 u 
3 7 O 3 75 38 0 

A a G 1 in Ser Phe Val Le As th A a Tyr Thr Pro 
3 85 3 90 39S 

( 2) INFORMATION FOR SEQID NO:10: 

( i ) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 22 bases 
(B) TYPE: nucleic acid 
(C) STRANDEDNESS: single 
(D) TOPOLOGY: linear 

( i i ) MOLECULETYPE; DNA (synthetic) 

( xi ) SEQUENCE DESCRIPTION: SEQID No:10: 

AGARTRK W T W AATGG W G CKM A W 
22 

( 2) INFORMATION FOR SEQID No:11: 

( i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 8 amino acids 
(B) TYPE: amino acid 
(C) STRANDEDNESS: single 
(D) TOPOLOGY: linear 

( i i ) MOLECULE TYPE: protein 

( xi ) SEQUENCE DESCRIPTION: SEQID NO:11: 

Pro Thr Phe A s p Pro A s p Le u Tyr 
5 

(2) INFORMATION FOR SEQID NO:12: 
( i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 14 amino acids 
(B) TYPE: amino acid 
(c) STRANDEDNESS: single 
(D) TOPOLOGY: linear 



5,424,410 
59 60 

-continued 
( i i ) MOLECULE TYPE: protein 

( xi ) SEQUENCE DESCRIPTION: SEQID NO:12: 

A a 1 e Le u As n G 1 u Le u Tyr Pro Ser Val Pro Tyr As in V a 1 
1. 5 1 O 

( 2) INFORMATION FOR SEQED NO:3: 

( i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 14 amino acids 
(B) TYPE: amino acid 
(C) STRANDEDNESS: single 
(D) TOPOLOGY: linear 

( i i) MOLECULETYPE: protein 

( x i ). SEQUENCE DESCRIPTION: SEQID NO:13: 

A i a I le Le u As n G 1 u Le u Tyr Pro Ser Va i Pro Tyr As in Val 
1 5 0. 

(2) INFORMATION FOR SEQID NO:14: 

(i) SEQUENCE CHARACTERISTICS: -- 
(A) LENGTH: 17 amino acids 
(B) TYPE: amino acid 
(C) STRANDEDNESS: single 
(D) TOPOLOGY: linear 

( i i ) MOLECULE TYPE: protein 

( xi ) SEQUENCE DESCRIPTION: SEQID NO:14: 

Me t I le I 1 e A s p Ser Lys Thr Thr Le u Pro Arg His Ser Le u I le As in 
S O 

Thr 

( 2) INFORMATION FOR SEQID NO:15: 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 24 amino acids 
(B) TYPE:amino acid 
(C) STRANDEDNESS; single 
(D) TOPOLOGY: linear 

( i i ) MOLECULE TYPE: protein 

( xi ) SEQUENCE DESCRIPTION: SEQID NO:15: 

Me t I le Le u G 1 y As in G 1 y Lys Thr Le u Pro Lys H is I le Arg L. eu A 1 a 
s 1 O 15 

His I le Phi e A a Thr G 1 in As n Sle r 
20 

( 2) INFORMATION FOR SEQID NO:16: 

( i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 23 bases 
(B) TYPE: nucleic acid 
(C) STRANDEDNESS: single 
(D) TOPOLOGY: linear 

( i i ) MOLECULETYPE: DNA (synthetic) 

( xi ) SEQUENCE DESCRIPTION: SEQID No:16: 

GCAATTTTAA ATGAATTATA TCC 

( 2) INFORMATION FOR SEQID No:18: 

( i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH:38 bases 
(B) TYPE: nucleic acid 
(C) STRANDEDNESS: single 

2 3 
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(D) TOPOLOGY: linear 

( i i ) MOLECULETYPE: DNA (synthetic) 

( x i ) SEQUENCE DESCRIPTION: SEQID NO:18: 

AAACA. TAT TA GATTAG CACA. TATTTTTGCA ACA CAAAA 38 

( 2) INFORMATION FOR SEQID NO:19: 

( i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 17 bases 
(B) TYPE: nucleic acid 
(C) STRANDEDNESS: single 
(D) TOPOLOGY: linear 

( i i ) MOLECULE TYPE; DNA (synthetic) 

( xi ) SEQUENCE DESCRIPTION: SEQID No:19: 

CAAY TACAAG. C. W. CAA CC 7 

(2) INFORMATION FOR SEQID NO:20: 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 23 bases 
(B) TYPE: nucleic acid 
(c) STRANDEDNESS: single 
(D) TOPOLOGY: linear 

( i i ) MOLECULE TYPE: DNA (synthetic) 

( xi ) SEQUENCE DESCRIPTION: SEQED NO:20: 

AGGAA CAAAY T CAAK W CGRT CTA 2 3 

( 2) INFORMATION FOR SEQID NO:2t: 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 23 bases 
(B) TYPE: nucleic acid 
(C) STRANDEDNESS: single 
(D) TOPOLOGY: linear 

( i i ) MOLECULETYPE: DNA (synthetic) 

( xi ) SEQUENCE DESCRIPTION: SEQID NO:21: 

TGGAATAAAT T CAATTYKR T C W A 2 3 

(2) INFORMATION FOR SEQID NO:22: 

( i SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 28 bases 
(B) TYPE: nucleic acid 
(C) STRANDEDNESS: single 
(D) TOPOLOGY: linear 

( i i ) MOLECULE TYPE: DNA (synthetic) 

( xi ) SEQUENCE DESCRIPTION: SEQID NO:22: 

TGATTTT W MT CAATTATATR AKGTTTAT 28 

( 2) INFORMATION FOR SEQED NO:23: 

( i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 20 bases 
(B) TYPE: nucleic acid 
(C) STRANDEDNESS: single 
(D) TOPOLOGY: linear 

( i i ) MOLECULETYPE: DNA (synthetic) 

( xi ) SEQUENCE DESCRIPTION: SEQ Id NO:23: 

AAGAGTTAYT ARARAAAGTA 20 



( 2) INFORMATION FOR SEQED NO:24: 

( i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 35 bases 
(B) TYPE: nucleic acid 
(C) STRANDEDNESS: single 
(D) TOPOLOGY: linear 

( i i ) MOLECULE TYPE: DNA (synthetic) 

( xi ) SEQUENCE DESCRIPTION: SEQID NO:24: 
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TTAGGACCAT TRYT W GGATT TGTTGT W TAT GAAAT 

( 2) INFORMATION FOR SEQID NO:25: 

( i ). SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 27 bases 
(B) TYPE: nucleic acid 
(c) STRANDEDNESS: single 
(D) TOPOLOGY: linear 

( i i ) MOLECULE TYPE: DNA (synthetic) 

( xi ) SEQUENCE DESCRIPTION: SEQID NO:25: 

GAYAGAGATG T W AAAAY W T AGGAATG 

( 2) INFORMATION FOR SEQED NO:26: 

( i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 23 bases 
(B) TYPE: nucleic acid 
(C) STRANDEDNESS: single 
(D) TOPOLOGY: linear 

( i i ) MOLECULE TYPE: DNA (synthetic) 

( xi ) SEQUENCE DESCRIPTION: SEQID NO:26: 

T TMTTAAA W. C. W G CTAATGAT ATT 

( 2) INFORMATION FOR SEQID NO:27: 

( i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 1425 base pairs 
(B) TYPE: nucleic acid 
(C) STRANDEDNESS: double 
(D) TOPOLOGY: linear 

( i i ) MOLECULETYPE: DNA (genomic) 

( i i i ). HYPOTHETICAL: No 

( i v ). ANTI-SENSE: NO 

( v i ) ORIGINAL SOURCE: 
(A) ORGANISM: BACILLUS THURINGIENSIS 
(C) INDIVIDUALISOLATE: PS86A1 

( v i i ). IMMEDIATE SOURCE: 
(B) CLONE: E. coli NM522(pMYC1638) NRRL B-18751 

( i x ) FEATURE; 
(A) NAME/KEY: mat peptide 
(B) LOCATION: 1.425 

( xi ) SEQUENCE DESCRIPTION: SEQID NO:27: 

ATGATTATTG 

AATTCTAATA 

AAACAAGAAT 

GAACAACAAT 

ATAGAAAAC GACTTAC CT 

AGAAAATGG T C CTGGTGAT 

GGGCTA CGAT TGGAG CATAT 

TAAGAA CACA TGTTAATTTA 

AGA CATTCAC 

ATGACTAATG 

ATTCAGACTG 

A GT CAGGATA 

TTATTCATAC 

GAAATCAATT 

GATAGGTTT 

TATCAA TACC 

AATTAAATTA 

TATTATTT CA 

ACCAGTAAAT 

TAGTGATTTT 

6 O 

1 20 

18 O 

24 O 

35 

27 

2 3 
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TCT CAAA ATGA GTTTA T G T CGAT AAAACTT CAG CAGAA GGTG (GAAAAAAAT 3 O O 

TTATATCCTT TAATTATTAA ATCGCTAAT GATATTG CTT CATATGGTTT TAAAGTTGCT 3 6 O 

GGTGAT CCTT CTATTAAGAA AGATGGATAT TTTAAAAAAT TG CAAGATGA, ATTAGATAAT 4 20 

ATTGTTGATA ATAATTCCGA TGATGATGCA ATAG CTAAAG CTATTAAAGA TTTTAAAGCG 48 0 

CGATGTGGTA TTTTAATTAA AGAAG CTAAA CAATATGAAG AAG. CTG CAAA AAATATTGTA S 40 

AcATc TT TAG AT cAATTTTT A CATGG T GAT CAGAAAAAAT TAGAAG G T G T TAT CAAT ATT 60 0 

CAAAAA CGTT TAAAAGAA GT T CAAACAGCT. CTTAATCAAG CCCATGGGGA AAGTAGT CCA 6 6. 0 

GCT CATAAAG AGT TATTAGA AAAAGTAAAA AATTTAAAAA CAA CATTAGA AAG GACTATT 20 

AAAGC GAAC AAGATTTAGA GAAAAAAGTA GAA TATAGTT TT CTATTAGG ACCATTGTTA 7 8 0. 

GGATTT G T T G TTTATGAAAT TCTTGAAAAT ACTG CTGTTC AG CAATAAA AAATCAAATT 8 40 

GATGAGATAA AGAAACAATT AGATT CTG CT CAG CATGATT TGGAT AGAGA TGT TAAAATT 9 00 

ATAGGAATGT TAAATAGTAT TAATA CAGAT ATTGATAATT TATATAGT CA AG GACAAGAA 9 60 

G CAATAAAG TTTTCCAAAA GTTACAAG GT ATTTGGGCTA CTATTGGAG C T CAAATAGAA O 20 

AAT CTTAGAA CAA CGT CGTT ACAAGAA GTT CAAGATT CTG AT GATG CTGA TGAGA TACAA 0 80 

ATTGAACTTG AGGACGCTTC TGATG CTTGG T TAGTTGTGG CT CAAGAAGC T CGTGATTTT 1 4 0 

ACA CTAAA TG CTTATTCAAC TAATAG TAGA CAAAATTTAC CGATTAATGT TATATCAGAT 2 00 

TCATGTAATT GTTCAA CAAC AAA TATGACA. T CAAATCAAT ACAGTAATCC AACAA CAAAT 1 2 60 

ATGACAT CAA ATCAA TATAT GATTTCACAT GAA TATA CAA GTTTAC CAAA TAATTTTATG 1. 3 2 O 

TTAT CAAGAA ATAGTAATTT AGAATATAAA T GT CCTGAAA ATAATTTTAT GATATATTGG 1 380 

TATAAAAIT CGGATGGTA AATAATCG GATG GTATA ATAAT 1 4 25 

( 2) INFORMATION FOR SEQID NO:28: 

( i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 475 amino acids 
(B) TYPE: amino acid 
(c) STRANDEDNESS: single 
(D) TOPOLOGY: linear 

( i i ) MOLECULE TYPE: protein 

( i i i ) HYPOTHETICAL: YES 

( i v ). ANTI-SENSE: NO 

( v i ) ORIGINAL SOURCE: 
(A) ORGANISM: BACILLUS THURINGIENSIS 
(c) INDIVIDUALISOLATE: PS36A1 

( v i i ). IMMEDIATE SOURCE: 
(B) CLONE: E. coli NM522(pMYC1638) NRRL B-18751 

( i x ) FEATURE; 
(A) NAME/KEY: Protein 
(B) LOCATION: 1.475 

( xi ) SEQUENCE DESCRIPTION: SEQID NO:28: 

Me t i le I 1 e A s p Ser Lys Thr Thr Le u Pro A rig H is Ser Le u I le H is 
s O 15 

Th r I e Lys L. eu As n Ser As n Lys Lys Tyr G 1 y Pro G y A s p Me t Thr 
20 25 30 

As in G 1 y As n G 1 in Phi e II e I 1 e Ser Lys G n G 1 u Trip A a Thr I le Gly 
3 S 4 0 4 S 

A 1 a Tyr I I e G 1 n Thr G 1 y Le u G 1 y Le u Pro V a l As in G 1 u G in G n Le u 
5 0. 55 6 0. 

Arg Thr H is V a 1. As n Le u Ser G 1 in Asp I i e Ser I 1 e Pro Se r A s p Phe 
70 7 5 8 0 
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Ser G 1 n Le u Ty r A s p Val Tyr 
85 

Tr p As in Lys As n Le u Tyr Pro 
1 0 0 

A a Ser Tyr G y P he Lys Val 

G 1 y Tyr Phe Lys Lys Le u G 1 in 

As n Ser Asp A s p A s p A la I le 
1 4 S 50 

A rig Cy s G 1 y II e Le u I le Lys 
65 

Lys As n I le Wa I Thir Ser Le u 
1 80 

Lys ill eu G 1 u G 1 y Val 1 e A sin 
95 

Thr Al a Leu As in G 1 in A1 a His 
2 O 2 5 

Le u L. eu G 1 u Lys V a l Lys Asn 
2 25 2 30 

Lys Al a G i u Gl in As p Le u G 1 u 

G y Pro Le u Le u G y P he Val 
2 60 

Val G 1 in H is I le Lys As n G 1 in 
275 

Ser Al a G 1 n H is A s p L. eu A sp 
29 0. 2 9 5 

As n Ser I 1 e As in Th r A s p I e 
3 O 5 3 1 O 

A la I 1 e Lys V a 1 P he G 1 in Lys 
3 25 

A la G 1 n I le G i u As in L. eu Arg 
34 0 

Ser A s p A s p A la A s p G i u I le 

A a Trip L. eu Val Va A 1 a G in 
370 3 75 

Ty r S er Thr As n Ser Arg G 1 in 
3 85 390 

Ser Cys As n Cys Ser Thr Thr 
4 OS 

Pro Thr T. r. As in Met Th r S et 
4 20 

Thir Ser Le u Pro As in As in Phe 
4 35 

Ty r Lys Cys Pro G 1 u As in Asn 
4 50 4 S5 

As p Trip Tyr As in As in Ser As p 
4 6 5 470 

( 2) INFORMATION FOR SEQID NO:29: 

( i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 3471 base pairs 
(B) TYPE: nucleic acid 

Cys 

Leu 

A 1 a 
1, 20 

A 1 a 

G 1 u 

1 e 
2 O O 

Gly 

Va 

e 
28 0 

Thr 

3 60 

G u 

As in 

As in 

As in 

Me t 
4 40 

P he 

Trp 
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Ser As p 
9 0 

le I e 
1 OS 

G 1 y As p 

G 1 u Le u 

Lys A a 

A 1 a Lys 

G in Phe 
18 S 

G 1 in Lys 

Glu Se r 

25 O 

Tyr G u 
2 65 

As p G 1 u 

As p Va i 

As n L. eu 

G 1 in G 1 y 

Th r S e r 
3 4 5 

1 e G 1 u 

A la Arg 

Le u Pro 

Met Thr 
4 1 O 

G 1 in Tyr 
4 2 S 

L. eu Se r 

Me t e 

Ty r A sin 

Lys 

Lys 

: 
G 1 in 

L. eu. 

Thr 
2 35 

G 1 u 

I e 

1 e 

Me t 

Arg 

As in 
475 

Thr 

Ser 

As in 
1 4 0. 

H is 

L. eu 

Pro 
22 O 

L. eu 

G 

G u 

P he 
38 O 

As in 

As in 

e 

As in 

Ser 

A 1 a 

I 1 e 

G I u. 

Gly 

Ly is 
2 O 5 

A a 

G 1 u 

G 1 u 

Lys 
285 

1 e 

G in 

A 1 a 

G 

Va. 1 

G in 

Ser 
4 45 

68 

A 1 a G u 
95 

As in A Sp 

Lys Lys 

Va As p 

Phi e Lys 

Glu A 1 a 
17 5 

As p G in 

G 1 u Wa 

His Lys 

Arg Th r 

P he Le u 
255 

As in Th r 
2 70 

G l n Le u 

G 1 y Me t 

G 1 y G 1 in 

Thr e 

Wa G in 
350 

A l a Ser 

Le u As in 

e Sier 

4 S 

His G 
43 0 

As n L. eu 

As in As in 

Tr p 

e 

As p 

As in 

A 1 a 
1 60 

A 1 a 

G 1 in 

G 1 

Leu 

A 1 a 

Leu 

Glu 
3 20 

Gly 

Tyr 

G 1 u 

Ser 
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(C) STRANDEDNESS: double 
(D) TOPOLOGY: linear 

( i i ) MOLECULETYPE; DNA (genomic) 

( i i i ) HYPOTHETICAL: No 

( i v )ANTI-SENSE: NO 

( v i ) ORIGINAL SOURCE: 
(A) ORGANISM: Bacillus thuringiensis 
(B) STRAIN: kunamotoensis 
(C) INDIVIDUALISOLATE: PS50C 

( v i i ). IMMEDIATE SOURCE: 
(B) CLONE: E. coli NM522(pMYC2320) NRRL B-18769 

( x i SEQUENCE DESCRIPTION: SEQID NO:29: 

ATGA GT CCAA ATAAT CAAAA TGAATATGAA ATTATAGATG CGACAC CTTC TA CAT CTGTA 60 

TCCAGTGATT CTAACAGATA CCCTTTT GCG AATGAGCCAA CAGATG CGTT ACAAAATATG 20 

AATTATAAAG ATAT CTGAA AA TGT CTGGG G GAGA GAAT C CTGAATTATT G GAAATCCG 8 0. 

GAGA CGT TA TTAGT CAT C CAC GATT CAA ACTGGAATTG G CATT GTTGG TCGAATA CA 2 4 O 

GGAG CTTTAG GGGTTC CATT TGCTAGT CAG ATAG CTAGTT T. CTATAGTTT CATTGTTGGT 3 O 0 

CAATTATGGC CGT CAAAGAG CGT AGATATA TGGGGAGAAA TTATGGAA CG AGTGGAAGAA 3 60 

CT CGTTGAC AAAAAATAGA AAAA. TAT GTA AAAGATAAG G CTCTTG CTGA, ATTAAAAGGG 4 20 

CTAGGAAA G CTTTGGA T G T ATAT CAG CAG T CAC GAAG AT TGG CTGGA AAATCG CAAT 4 8 O 

GATG CAAGAA CTAGAAGTGT TGTTTCTAAT CAATT TATAG CTTAGAT CT TAACTTT GTT s so 

AGTT CAATTC CAT CTTTTGC AG TATCCGGA CACGAAGTAC TATTATTAGC Agtatatgca 6 O. O. 

CAGGCTGTGA AC CTA CATTT ATTGTTATTA AGAGATG CTT CTATTTTTGG. AGAAGAGTGG 6 60 

GGATTTACAC CAGGT GAAAT TT CAGATT TATAATCGT C AA GTG CAA CT TAC CGCT GAA 720 

TATT CAGACT ATTGGTAAA GTGGTATAAA ATCGG CTTAG ATAAA GAA AG GTAC CACT 780 

TCT AAAAGTT GGCTGAATTA TCAT CAGTTC CCT AGAGAGA TGA CATT ACT GGTATT AGAT 8 40 

TGGTGG CG TAC CAAA CTATGA CACA CATA T G TAT C CAATCGAAAC AACAGCCAA 9 O 0 

CTTACA CGGG AT G T G TATAC AGAT CCGATA G CATT TAA CA. TAGTGACAAG ACTGGATTC 9 60 

TG CAA CCCTT GGT CAA CCCA CAGTGGTATT CTTTTTTATG AAGTTGAAAA CAA CGTAATT 1 O 2 O 

CGT CCGC CAC Act tatttga TATACT CAG C T CAG TAGAAA TTAATACAAG TAGAGGGGGT 1 0 80 

ATTAC GT TAA ATAATGATGC ATATATAAAC TACTGGT CAG. GACATAC CCT AAA at at cat 1 1 4 0 

AGAA CAG CTG ATT CGACCGT AACATA CACA' GCTAATTACG GT CGAAT CAC TT CAGAAAAG 1 2 00 

AATTCATTTG CA CTTGAGGA TAGGGATATT TTTGAAATTA ATTCAACT G T GGCAAA CCTA 2 60 

GCTAATTACT ACCAAAAGGC ATA TGG T G T G CCGGGA CTT GGTTC CATAT GGTAAAAAGG 3 2 0 

GGAA CCT CAT CAACAA CAGC GTATTTATAT T CAAAAACAC ATACAG CTCT CCAAGGGTGT 1. 38 0 

ACA CAGGTTT ATGAATCAAG TGATGAAATA, CCTCT AGATA GAACTGTACC GGTAG CTGAA 1 4 4 0 

AG CTATAGTC AT AGATTATC TCATATTACC T C C CATT CTT T. CTCTAAAAA TGGGAGTG CA 1 5 O O 

TACTATGGGA GTTTCC CTCT ATTTGT W TGG ACA CATACTA GTG CGGATTT AAATAATACA S 60 

ATATATT CAG ATAAAAT CAC T CAAATTCCA G CGGAAAGG GAGA CATGTT ATATCTAGGG 1 620 

GGTT CCGTAG TACAGGGTCC TGGATTTACA GGAGGAGATA TATTAAAAAG AAC CAATCCT 1 68 0 

AG CATATTAG GGA CCTTTGC GGTTACAGTA AATGGGT CGT TAT CACAAAG ATA CGTGTA 7 40 

AGAATTCGCT ATGCCTCTAC, AACAGATTTT GAATTACTC TATAC CTTGG CGACACAATA 1 & 0 0 

GAAAAAAATA GATTTAACAA AACTATGG AT AATGGGG CAT CTTTAACGTA TGAAACATTT 8 6. 0 

AAATTCGCAA GTTTCATTAC TGATTTCCAA TT CAGAGAAA CACAAGATAA AATACT CCTA 1920 



TCCATGGGTG 

GT AGATGAGA 

TTTTTACGA 

GCGGCA AACT 

TTTGATG CGG 

GATTTCCAAG 

GAAGGGGATG 

ACGGAAA CGT 

ACAAGATATA 

CGT CACCAAA 

CCGTAAACT 

TAGAAG GAG 

GAGCGGATT 

GG ATACG CAA 

TAGAG. CGCT 

GAGA CAGATA 

CAGGAT CAA C 

ATACA GT C CA 

A CGAAs. TA 

AATGC CATAC 

GT AGAAGTAC 

GTTCACAAC 

AAAGAAGGGG 

CTTACTTTTA 

AT CACAAAAA 

A CAGAAG GTA 

71. 

ATTTTAGCTC 

CAATGAGGC 

ATACAAAAGA 

TAGTGGAATG 

TGAGAGAGGC 

AGATAAACGG 

CTGTATTTAA 

ATCCAA CGTA 

GACG. AGAG. G. 

CGAATCGAA 

CGAGGCAG 

AAAA CCGTTC 

ACAATGAAAA 

CA CTTG GAA.A. 

TG CAAAGAGA 

GAAGATA CAT 

AACTGAATCC 

TTCCTTACG 

CAGAATAAC 

CAAATGGTGA 

AACAAATCAA 
AGTTACA GT 

TAGGAAATGG 

GTG CAA.G. CGA 

CAGTGA CATT 

CGTT CTATAT 

( 2) INFORMATION FOR SEQID NO:30; 

CGGT CAAGAA 

GGAACAAGAT 

TGGCTA CGA 

CCTATCGGAT 

AAAACGCCT C 

AGAAAAGGA 

AGGA CGT TAT 

CGAT CAA 

GTTTGGGGA 

GAAACAAT 

TAT CAATCGA 

TGGGATG CA 

TG CAG GAAA 

TCTTGAATTA 

AGAA CAA CAG 

GG CAT CGAAA 

TGATGAGAG. 

ATATAACGAA 

AGAT CGAC C 

TTTCGAAA 

TCATA CA CT 

TCAA CCGAA 

ATA T G TAAG 

TATGATACA 

CAT C C CGAT 

AGAAAGTGTA 

( i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 1157 amino acids 
(B) TYPE: amino acid 
(C) STRANDEDNESS; single 
(D) TOPOLOGY: linear 

(ii) MOLECULETYPE. protein 
( i i i ). HYPOTHETICAL: YES 

( i v ANTI-SENSE: NO 

( v i ) ORIGINAL SOURCE: 
(A) ORGANISM: Bacilius thuringiensis 
(B) STRAEN: kumamotoensis 
(C) INDIVIDUALISOLATE: PS50C 

( v i i ). IMMDIATE SOURCE: 
(B) CLONE: E. coli NM.5226pMYC232O)NRRL B-18769 

( xi ) SEQUENCE DESCRIPTION: SEQID NO:30: 

Me t 
1 

Ser 

Ser r S e 

Pro As in As in 
5 

r Wa 1 Ser Ser 

G in As in G 1 u 

A s p Ser 

5,424,410 

-continued 

GTTTATATAG 

TAGAA. GCGG 

C CAGGTGTAA 

GATAAC 

AGTG. GGG CAC 

TGGG CGG CAA 

CTACGC CAC 

AAAG TAGAGG 

AGTAG CAAG 

GTAC CAGATG 

TG CAG CGAAC 

CATGAGTTC 

TGGGTTGG AT 

GCGAAGAGG 

GGAAGATTC 

CAAG CGGTAG 

ATTACAGATC 

A GT C C CAG 

CAACAAGCG 

GGGTTAAGTA 

GT CCTTGTGA 

CAAAGATATG 

A CGGAG 

AATGGTGTGT 

A CAGAT CAAA 

GAA GATTG 

G u 
O 

Ty r e 

As in Arg Ty r 

A CCGAATCGA 

CGAAGAAAG C 

CGGATTATGA 

CAAATGAAAA 

GAACTTACT 

GTACGGGAAT 

CAGGG CACG 

AAGGGATT 

GATTAGAAAT 

AT Tr AT TGcc 

AAAAGTATGT 

cGCT CCCTAT 

TAAG ATAC 

GACCTTT GT C 

AAATGACAAG 
A CGT TATA 

TACTG CGGC 

AAATACCAGG 

G GAATTT GTA 

ATTGGAATGC 

TCCAAA CTG 

ATA CGAGT 

GTGGAAAT CA 

ATAATGACCA 

TGG GATTGA 

TAGACG TAGA 

I e A s p A 1 a 

Pro P e A a 

72 

ATCAT CCCA 

AGTGAAGCC 

AGTAAATCAA 

A CGATGTA 

ACAAGAT CCA 

GAGATTGTA 

AGAAATGAT 

AAAAC CATAC 

TATA CGATA 

AGATGATC 

GAA AG CCGT 

CGATATAGGA 

GG ACC CAGAG. 

AGGAGACGCA 

AAG ACGTGAA 

TGCCGATTAT 

TCAAGAT CG 

GATGAACTAT 

TGAT CACs. CGA 

AACGCCTGGC 

GG ATGAACAA 

TACTG CAAGA 

ATCAGAAA CG 

AAC CGG CTAT 

AATAAGTGAA 

G 

r 
is 

P To 

As in G u 

1980 

20 40 

2 1 0 O 

2 60 

2, 22 O 

228 O 

2 3 4 O 

2 4 00 

2 4 6 O 

2 5 20 

2580 

2 6 4 O 

2 OO 

2 6 O 

28, 20 

28 80 

29 4 O 

3 O O. O. 

3 O 6 O 

3 2 O 

3 18 O 

3 24 O 

33 0 O 

33 60 

3 420 

3 4 T 1 



P 

Sc r 

Ser 
65 

G1 y 

P he 

G 1 u 

Ty r 

Le u 
45 

As p 

Le u 

Wa 

L. eu 

Gly 
225 

G 1 u 

As p 

As n 

G 1 u 

e 

3 85 

As in 

Le u 

G 1 y 
50 

Ser 

A 1 a 

I e 

e 

Wa 
1 30 

As p 

A 1 a 

As in 

L. eu 

Le u 
2 1 0 

G 

Ser 

G 1 y 

Me t 

Thr 
29 0 

As n 

As in 

I e 

As n 
3 0. 

Thr 

A a 

Tr p 

Ty r 
450 

2 0. 

As p A a 

G y 

Sle r 

L. eu 

Wa 1 

Wa 

A rig 

P he 

Le u. 
1 95 

A rig 

I e 

Thr 

Thr 
275 

His 

Thr 

Pro 

Wa 1 

As in 
355 

Ty r 

Wa 

Phe 

As in 

Phe 
4 3 S 

Sle r 

G 1 u 

Thr 

G 1 y 

As p 

Ser 

Thr 
2 60 

Le u 

Me t 

Thr 

T 

A a 

Le u 
4 20 

H is 

73 

Le u 

As in 

e 

Wa 1 
85 

G n 

A rig 

G in 

Ser 

A a 

A 1 a 

A rig 

Cys 
2 4 5 

Ser 

P ro 

Ser 
3 25 

A rig 

Ser 

Ser 

L. eu 
4 O 5 

A 1 a 

Me t 

Thr 

G in 

Pro 

G in 
7 O 

P to 

Wa 

A 1 a 

Va 

Ser 

P he 
23 O 

Wa 

Wa 

Pro 

P ro 

Wa 

H is 

As in 

G 1 u 
55 

T. r 

P he 

G u 

L. eu 
135 

Ser 

Wa 1 

I e 

A 1 a 

H is 

As p 

Thr 
4 SS 

Me t 
40 

Le u 

Gly 

A 1 a 

Pro 

12 O 

Al a 

Wa 1 

Pro 

A a 
20 0 

P he 

Phe 

H is 

Thr 

As a 

5,424,410 

-continued 
25 

As in 

Phe 

I e 

G 1 u 

G 1 u 

Ser 

G in 

Gly 

A rig 

Le u 

Thr 

As in 

Gly 

Le u 
3 4 5 

1 e 

As p 

G lin 
4, 2 S 

Gly 

Le u 

Ty r 

G 1 y 

G 1 y 

G n 
9 0. 

As in 
1 7 0 

P he 

A a 

G u 

G in 

25 O 

As in 

Thr 

e 

Phe 

Thr 

G y 

Th 

G 1 n 

Lys 

As in 

I c 

Ser 

A 1 a 

Wa 

G 1 u 

Wa 1 
235 

I le 

A 1 a 

A 1 a 

Le u 

As p 

A 1 a 

Gy 

As p 

P 
6 0 

V a 

A 1 a 

Wa 

P he 

Va. 1 

As n 

22 0 

G in 

G 1 y 

H is 

G n 
3 O O 

Thr 

P he 

I e 

A rig 
3 8 O 

e 

G 1 u 

Cys 
4 6 O 

Ty r 
4 S 

G u 

G 1 y 

As p 

Ly is 
25 

G 1 u 

1 e 

Ser 

Le u 
205 

Gly 

Le u 

G n 

Phe 
28S 

Ser 

Le u 

As in 
3 6s 

A rig 

Thr 

e 

Gly 

Thr 
4 4 5 

3 O 

Le u 

Thr 

A rig 

Phe 

| 
e 

G 1 y 

A 1 a 

P he 

Thr 

P he 
27 0 

P o 

Thr 

Thr 

G 1 u 

As in 

Va. 1 
4 30 

Thr 

G 1 in 

74 

Lys 

P he 

I 1 e 

G 

As in 

A rig 

Le u 
75 

H is 

L C ut 

Thr 

All a 

Lys 
2 55 

A rig 

A rig 

G y 

Wa 
3 35 

A 1 a 

A 1 a 

G 

r 

A a 

Me t 

I e 

Le u 
80 

A a 

As in 
1 60 

As p 

Glu 

Pro 

G u 
240 

Phe 
3 20 

G 1 u 

Va 

Lys 
4 00 

Thr 

Gly 
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-continued 

G 1 u Se r S e r A s p G 1 u I 1 e Pro Le u A s p Arg Thr V a 1 Pro V a l A 1 a G 1 u 
4 6 5 47 0 475 4 80 

Ser Ty r S er H is Arg L. eu Ser H is I 1 e Thr Ser H is Ser Phe Ser Lys 
4 85 49 O 49 S 

As in G 1 y Ser A 1 a Tyr Tyr G 1 y Ser Phe Pro V a 1 P he V a Trp Thr H is 
5 00 5 05 5 10 

A s p L. eu As n As in Th r I e Ty r S e r A s p Lys I i e Thr G 1 in Thir Ser A 
5 52 O 525 

I le Pro A 1 a V a 1 Lys G 1 y A s p Me t Le u Tyr Le u G 1 y G 1 y Ser V a 1 v a 1 
53 0 535 S 4 O 

G 1 in G 1 y Pro G 1 y Phe Thr G 1 y G y Asp I le Le u Lys Arg Thr As n Pro 
5 45 5 5 O 555 5 60 

Ser I le Le u G 1 y Thr Phe A1 a Va Thr V a As in Gly Ser Leu Ser G 1 a 
5 65 57 0 575 

A rig Ty r A rig Val Arg I l e Arg Ty r A 1 a Ser Thr Thr Asp Phe G 1 u Phe 
S 8 O 585 590 

Th r Le u Tyr Le u G y A s p Thr I le G 1 u Lys As in Arg Phe As n Lys Thr 
595 6 OO 6 05 

Met A s p As in G 1 y A a Ser Le u Thr Tyr G 1 u Thr Phe Lys Ph e A a Ser 
6 10 6 15 6 20 

Ph e I le Th r A s p P he G l n Phe Arg G 1 u Thr G 1 in A s p Lys I le Le u Le u 
625 6 30 6 35 6 40 

Ser Met G 1 y A s p Ph e Ser Ser G i y G 1 in G i u V a 1 Tyr I le A s p Arg I 1 e 
6 4.5 65 O 655 

G 1 u Ph e I le Pro V a As p G 1 u Thr Tyr G 1 u A 1 a G 1 u G 1 in As p Le u G 1 u 
6 6 O 6 6S 6 70 

A a A 1 a Lys Lys Al a V a As in Al a Leu Ph e Thr As n Th r Lys As p G : y 
6 75 68 0. 6 85 

Le u Arg Pro G 1 y Va i Th r A s p Tyr G i u V a As in G l n Al a A la As n Le u 
690 695 700 

Val G 1 u Cy s Le u Se r A s p A s p Le u Tyr Pro As n G 1 u Lys Arg L. eu Le u 
7 O 5 7 10 7 5 7 20 

Ph e A s p A la Val Arg G 1 u A la Lys Arg Le u Ser G 1 y A la Arg As n Le u 
7 25 7 30 7 35 

Le u G 1 in A s p Pro A s p .P he G 1 in G 1 u I le As in G y G 1 u As in Gy Trp A 1 a 
7 40 7 45 7 50 

A a Ser Thr G 1 y | 1 e G 1 u I e V a 1 G1 u G 1 y As p A 1 a V a 1 P he Lys G 1 y 
7 55 7 6. 0 7 6 5 

A rig Ty r Le u Arg Le u Pro G 1 y A 1 a. A rig Gi u I l e A s p Thr G 1 u Thr Ty r 
0 7 75 780 

Pro Th r Ty r Le u Tyr G 1 in Lys Val G 1 u G 1 u G l y V a 1 Le u Lys Pro Ty r 
7 85 79 0 7 95 800 

Thr Arg Tyr Arg L. eu Arg G y P he Val G Ser Ser G 1 in G y Le u G u 
8 O 5 8 

I le Ty r Thr I i e Arg H is G | n Thr As n Arg I e V a 1 Lys As n V a 1 Pro 
8 20 8 25 83 0. 

A s p A s p L. eu Le u Pro A s p V a 1 Ser Pro V a 1 As in Ser A s p G 1 y Ser I 1 e 
835 8 4 O 8 45 

As in Arg Cys Ser G 1 u G 1 in Lys Ty r V a 1. As n Ser Arg Le u G 1 u G 1 y G 1 u 
850 855 8 60 

As n Arg Ser G 1 y A s p A 1 a His G 1 u Ph e Ser Le u Pro I l e A s p I i e G 1 y 
8 65 87 0 8 75 8 8 O 

G 1 u Le u A s p Tyr As n G 1 u As n A 1 a G 1 y I 1 e Trp V a 1 G1 y P he Lys I 1 e 
8 85 89 0 895 



5,424,410 

-continued 
Th r A s p Pro G 1 u G y Ty r A la Thr Le u G 1 y As n Le u G 1 u Le u v a 1 G1 u 

900 905 9 0 

G 1 u G 1 y Pro Leu Ser G 1 y A s p A la Le u G 1 u A rig Le u G 1 in Arg G 1 u G u 
9 15 92.0 9 2 5 

G l n G 1 in Tr p Lys I 1 e G 1 in Met Thr Arg Arg Arg G u G 1 u Th r A s p Arg 
9 30 935 9 4 O 

A rig Tyr Me t A1 a Ser Lys G 1 n Al a V a A s p Arg Le u Tyr Al a A s p Ty r 
9 45 950 95 s 9 60 

Gl in A s p G in G 1 in Le u As in Pro A s p V a G 1 u I le Thr A s p L. eu Th r A 1 a 
9 65 9 7 0 9 75 

A 1 a G 1 in As p Le u I e G 1 in Sier I le Pro Ty r V a 1 Tyr As n G 1 u Met P he 
9 8 0 9 85 9 9 O 

Pro G 1 u I le Pro G 1 y Met As n Tyr Thr Lys Phe Thr G 1 u Le u Thr As p 
995 1 O 0 0 10. OS 

A rig Le u G in G 1 in A1 a Trp As n Le u Ty r A s p G 1 in Arg As in Ala I le Pro 
1 0 1 0 0 5 1 O 20 

As in G y A s p Phe Arg As in G y Leu Ser As in Trp As in A1 a Thr Pro G i y 
0.25 1 0 30 1 0 35 10 4 0 

Wa 1 G1 u Wa 1 G in G 1 in I e As n His Thr Ser Wall Le u Wa I le Pro As in 
O 4 S O 50 Oss 

Trip As p G 1 u Gil n w a Ser G 1 in G 1 in Phe Thr Va 1 G1 in Pro As in G 1 in Arg 
1 0 60 1 0 65 O 70 

Ty r V a 1 Le u Arg Val Th r A la Arg Lys G 1 u G 1 y Val G 1 y As n G 1 y Ty r 
10 75 O 8 O 1 0 85 

Val Ser I 1 e Arg A s p G 1 y G 1 y As in G 1 n Ser G 1 u Thr Le u Thr Ph e Ser 
O 90 1 O 9 S 1 1 0 O 

A la Ser Asp Ty r A s p Thr As in G 1 y V a 1 Ty r A s in A s p G 1 in Thr G 1 y Ty r 
OS 1 1 1 0 15 20 

I le Thr Lys Thr Val Thr Phe I le Pro Ty r Th r A s p G 1 in Met Tr p I le 
1 2 5 1 13 0 1 1 35 

G 1 u I e Ser G 1 u Thr G 1 u G y Thr Phe Ty r I e G 1 u Ser V a 1 G1 u Le u 
1 4 O 1 1 45 5 O 

I le V a As p V a 1 G1 u 
1 S5 

45 2. A transformed host selected from the group con 
We claim: sisting of a microbe and a baculovirus transformed by a 
1. An isolated DNA encoding a 6-endotoxin which is gene encoding a 6-endotoxin active against acarides, 

active against acarides wherein said gene is obtained wherein said gene is obtained from a Bacillus thuringien 
from a Bacillus thuringiensis isolate selected from the sis isolate selected from the group consisting of B.t. 
group consisting of B.t, PS72L1, B.t. PS75J1, B.t. 50 PS72L1, B.t. PS75J1, B.t. PS83E5, Bt. PS45B1, B.t. 
PS83E5, B.t. PS45B1, B.t. PS24J, Bt. PS94R3, B.t. PS24J, B.t. PS94R3, B.t. PS62B1 and B.t. PS74G1. 
PS62B1 and B.t. PS74G. 

55 

65 
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it is certified that error appears in the above-indentified patent and that said Letters Patent is hereby 
Corrected as shown below: 

Column 1, line 49: Delete “HaH, F.R. and insert-Hall, F.R.-- 
Column 3, lines 34: Delete "PS50C.” and insert-PS86A1 

Column 3, line 36: Delete "PS50C." and insert --PS86A 

Column 3, line 38: Delete "PS36A1. and insert-PS50C.- 

Column 3, line 40: Delete “PS86A1. and insert-PS50C.- 

Column 3, line 64: Delete equivalent toms) and insert-equivalent toxins)--. 
Column 5, line 3: Delete “amorphie,” and insert-amorphic 

Column 6, line 10: Delete “p, i, and insert-P, II,-- 
Column 7, line 6: Delete “hornology” and insert-homology--. 

Column 8, line 22: Delete "(pNffC 2321) and insert-(pMYC 2321)-. 

Column 8, line 23: Delete (pNffc 1627) and insert-(pMYC 1627)--. 
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It is certified that error appears in the above-indentified patent and that said Letters Patent is hereby 
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Column 8, line 63: Delete “ataritidal - effective and insert-acaricidal - effective--. 

Column 9, line 6: Delete “thuringiens” and insert -thuringiensis--. 

Column 9, line 34: Delete “102 to” and insert -10 to--. 

Column 10, line 21-22: Delete "Eustimanatophyceae, and insert -Eustigmatophyceae,-- 

Column 10, line 34: Delete “Kluyverornyces and insert -Kluyveromyces 

Column 10, line 63: Delete “toxin,” and insert-toxin,-- 

Column 14, line 6: Delete "the B.t, spores” and insert --the B.t. spores-- 

Column 14, line 39: Delete “routants and insert-mutants 

Column 15, line 28: Delete “CaC1 Solution (100 ml) 3.66 g 
CaC12HO 

and insert -CaCl, Solution (100 ml) 
CaC12.2H2O 3.66 g 
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It is certified that error appears in the above-indentified patent and that said Letters Patent is hereby 
Corrected as shown below: 

Column 16, line 27: Delete “p and insert-P- 

Column 16, line 30: Delete "(GCAATITFAAATGAATrATATCC)” and insert 
-(GCAATTTTAAATGAATTATATCC)- 

Column 16, line 46: Delete “KW25 1 E. coli and insert-KW251 E. coli 

Column 17, line 6: Delete “S-Bromo” and insert -5-Bromo 

Column 17, line 9: Delete “(Beta)galactosidase" and insert -(Beta) - galactosidase--. 

Column 18, line 12: Delete “BarnHI and insert-BamHI-. 

Column 18, line 21: Delete “Sal” and insert-Sali 

Column 18, line 38: Delete “putalive” and insert-putative 

Column 18, line 38: Delete “(ManiaTls" and insert -(Maniatis 

Column 18, line 46: Delete electropotation and insert -electroporation 

Column 18, line 58: Delete "69DID and insert-69D1-D- 
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Column 19, line 22: Delete “Hindl and insert --HindIII--. 

Column 19, line 28: Delete “HindIII - digested pHTBluel and insert 
-HindIII - digested pHTBlueII--. 

Column 19, line 39: Delete HindIll” and insert --HindIII-. 

Column 20, line 43: Delete “SEQ ID NO.” and insert-SEQ ID NO 

Column 20, lines 45-46: Delete “(AAT GAA GTAZF TATCCA/T GTAfFAAT)" and 
insert-(AAT GAA GTA/T TAT CCA/T GTA/T AAT)--. 

Column 21, line 12: Delete "GTTYAT” and insert-GTTTAT-- 

Column 21, line 16: Delete “CATr(A and insert-CATTCA-. 

Column 21, lines 16-17: Delete “GGATTTGTYGT" and insert-GGATTTGTTGT-- 

Column 24, line 4: Delete "Penhocket al.” and insert --Pennocket al.--. 

  



UNITED STATES PATENT AND TRADEMARK OFFICE 
CERTIFICATE OF CORRECTION 

PATENT NO. : 5,424, 410 Page 5 of 5 
DATED June 13, 1995 
INVENTOR(S) : Jewel M. Payne, et al. 
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